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The comprehensiveness of the range of fine machine 
tools by British, Continental and American makers sold 
by Charles Churchill enables a manufacturer planning 
production to cover his entire requirement from 
this one source, ensuring co-ordinated deliveries and 
the soundest technical advice. When production planning 
call in Charles Churchill and Company Limited. 





CHARLES CHURCHILL AND COMPANY LIMITED, 
COVENTRY ROAD, SOUTH YARDLEY, BIRMINGHAM 25. 
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“ad \) why pick on us? 


We’re just the type for Imperial Typewriters. 
They picked on us to cast the aluminium 

side plates for their new typewriter because 

Ri i Ar they knew we’d do it quickly, cheaply and well. 
an Imperial Typewriters are just the type for us. 

\ They wanted quantity production of the type 

\ of casting for which we are well equipped. If that’s 

\ the type of job you want done — pick on us. 





the whole in one 


BRITISH DIE CASTING AND ENGINEERING CO. LTD. 
EDWARD ROAD - NEW BARNET - HERTS - TEL: BARNET 9211 
ALSO AT WEST CHIRTON TRADING ESTATE - NORTH SHIELDS 
NORTHUMBERLAND : NORTH SHIELDS 2100 
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Z E I Ss S Renowned throughout the world— 
J E NA Manufacturers of more than 


4,000 different Scientific and 


Optical Instruments 


The Universal Measuring Microscope 


Is able to solve the majority of 
measuring problems that may be 
encountered, including measuring all 
the diameters of a plug screw 

gauge directly without rechucking 

the test piece. Complete range of dial 
templet oculars available, goniometer 
oculars and double image oculars. 
Projection and photographic equipment 
can also be supplied. 





The Universal Horizontal Metroscope 


The Horizontal Metroscope with the 
magic eye attachment for the direct 
measurement of small bores with 

a nil pressure contact. This versatile 
instrument can also be used for 
length measurement up to 18”. 





To obtain further particulars of our full range of precision measuring instruments write to: 


CARLZEISS) «C- Z- SCIENTIFIC INSTRUMENTS LIMITED CARI /FISS) 
| JENA | 12a GOLDEN SQUARE, LONDON, W.I Tel: GER 4488, 1997/8/9 | JENA | 
Sole agents in the United Kingdom and Northern Ireland : 










































































BENTON & STONE LIMITED * ASTON BROOK STREET * BIRMINGHAM 6 
Telephone: AST. 1905 Telex: ENOTS-B’HAM 33-143 
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The key to 
automation 


" off 


the peg " 
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‘Progressive’ or ‘linked line’ or ‘off the peg' automation means 
basically the same—Hymatic Automation. As far back as 1953 
Hymatic were turning out automatic linking devices, units 
with which you can link standard or near standard 

machine tools in your production line. The key is automatic 
linking equipment: and Hymatic are the people to cut the 

key. You can learn how automation ‘off the peg’ can be 
applied to your production line in a booklet called ‘Hymatic 
Automation’. It describes automatic linking devices and 

other automatic work handling equipment. Send for a copy 

to the Hymatic Engineering Co, Ltd, Redditch, Worcestershire. 
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ATRI lx 


COVENTRY GAUGE 
TOOL COMPANY LTD. 


is in world demand — 


toe 


QUALITY = fe 








Gear Grinding Machines } 
on the assembly line 4a 


The ever widening acceptance by engineers everywhere that 
“Matrix Quality’ is in a class all its own is reflected in a growing 
demand for ‘Matrix’ Gear Grinding Machines. The illustration 
shows a batch of Type 61 on the assembly line, a model 
developed to meet the demand for a small high-capacity 
machine capable of producing small instrument and fine pitch Max. diameter admitted 
spur gears. It employs the fundamental principle of gear Max. length of teeth 
tooth development from the basic rack, formed, in this case, on Max. number of teeth ground 
the periphery of the grinding wheel in a continuous helix. Min. number of teeth ground 


BRIEF SPECIFICATION:- 


Sole Agents in U.K. Maximum Pitch 16 D.P. (Module 1.6) 
Minimum Pitch 200 D.P. (Module .125) 


ROC KWE | Write today for full technical information 


Vi Well en oo im a-yes WELSH HARP, EDGWARE RD., LONDON, N.W.2. TEL: GLADSTONE 0033 





ALSO AT BIRMINGHAM—TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW—TEL: MERRYLEE 2822 


MATRIX 2 
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PLANING, MILLING, BORING, TURNING MACHINES and most types of HEAVY LATHES 
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‘WRIGHT’ Self-contained Motorised Grinding Head 


(COVERED BY BRITISH AND FOREIGN PATENTS) 


An ideal supplementary attachment to 


If you use machine tools which have 
a carrier base suitable for positioning 
a “Wright” Self-Contained Motor- 
ised Grinding Head, permanently or 
for doing just “odd jobs”, don’t miss 
the chance of adding that extra 
production potential to your planer, 
boring mill, heavy lathe, etc., but ask 
Wright’s to send you particulars of 
these versatile units, which are now 
made in five sizes. 

Illustration shows a ‘‘Wright’’ Model 
2/2P Self - Contained Motorised 
Grinding Head, fitted to a Ward 


No. 7 Lathe and used for grinding 
of hardened steel distance pieces. 





< 





Compensation for wheel wear and/or 
fine adjustment of depth of cut is 
obtained through traverse of the 
rotor by means of a hand-wheel. 


A “Wright’’ Model 2/2P Motorised 
Grinding Head, attached to a 
Turning and Boring Mill — a steel 
ring being ground in this instance. 


Photograph by courtesy of 
Messrs. G. P. Banbury, Ltd. 





WRIGHT ELECTRIC MOTORS (atirax, LTD. 


MANUFACTURING ELECTRICAL AND MECHANICAL ENGINEERS 
ESTABLISHED 1900 


HALIFAX, ENGLAND 


Phone: 60201/2/3 
Cable: ‘ Motor, Halifax’ 





CENTURY WORKS, PELLON LANE 
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PACKAGED POWER 
IN ITS 
NEATEST FORM 


the ‘M’ range of 
KEELAVITE 
hydraulic power-packs 
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Only standard Keelavite 
Units used. 


THE ‘MIDGET’ 


74 Gallon Tank 
Electric Motor up to 2 h.p. 


THE ‘MINOR’ 


20 Gallon Tank 
Electric Motor up to 5 h.p. 


THE ‘MAJOR’ 


50 Gallon Tank 
Electric Motor up to 124 h.p. 


THE ‘MIGHTY’ 


75 Gallon Tank 
Electric Motor up to 25 h.p. 


Pump capacities and controls 
to suit customers’ requirements 


KEELAVITE 


THE RECOGNISED AUTHORITY IS 


Hydraulics 





KEELAVITE HYDRAULICS LTD. ALLESLEY, COVENTRY, WARWICKSHIRE 


Telephone: Meriden 441 


Cogent 
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“Vou know of course...:. 





.... that David Brown make a range of 
hobbing and shaving machines up to 


David Brown No. 10 i i i 
aria oe fe 18 feet gear diameter . . . . turbine machines 
Hobbing Machine for gears up 
to 10 in. dia. and 4 D.P. 

This machine is designed for . ° : ry) 
fully automatic workeing. ‘Hydrax’ machines for large scale production. 


for high precision gearing... . 





“You don’t know P 


Please allow us to send you our latest 


brochures.’’ 


DAVID BROWN 


Almost a century of experience—99 years in fact 





THE DAVID BROWN CORPORATION (SALES) LTD., MACHINE TOOLS DIVISION 





BRITANNIA WORKS, SHERBORNE STREET, MANCHESTER, 3, TELEPHONE: BLACKFRIARS 4711 
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Oil-Free Compressed Air! 


*“ BROOMWADE” Dry-cylinder, Carbon-ring Air Compressors have been 
designed to meet the requirements of those industries where OJL-FREE air is 
essential. The air delivered by these “BROOMWADE” £} Compressors is 
ENTIRELY FREE FROM OIL. They have been | proved to be 
ECONOMICAL, EFFICIENT AND RELIABLE in operation both 


at home and overseas. ' 








“BROOMWADE” 
: J ? 


AIR COMPRESSORS AND PNEUMATIC TOOLS 


Your Best Investment 


BROOM & WADE LTD. P.O. BOX No. 7 - HIGH WYCOMBE - ENGLAND 
Telephone: High Wycombe 1630 (10 lines) Telegrams: “Broom”, High Wycombe. ( Telex, ) 
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FOR LONGER LIFE! 








MANUFACTURED BY 
IMPREGNATED DIAMOND PRODUCTS LTD - TUFFLEY CRESCENT - GLOUCESTER 
DISTRIBUTED BY 


UNIVERSAL GRINDING WHEEL COMPANY LIMITED - STAFFORD - TELEPHONE: STAFFORD 381 
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ducting storage tanks ... mild steel fabrications etc. 
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We like to 
tip well... 








Stag Allenite tipped cutting tools afford 






you the greatest production output in 






metal machining. Highest cutting speeds 






combined with very long life between 






grinds are attainable where conditions are 






favourable to this type of cutting edge- 






a tip of extremely hard tungsten carbide, 






brazed to a high grade shank. 













Recent developments in Stag Allenite 






applications include the amazing ‘PLOW- 






RAKE’ tools for high-speed heavy-duty 
planing of steel and ‘PLOWCAST?” tools 


for planning cast iron and non-ferrous 








metals; both tools are particularly useful 






where interrupted surfaces occur. 

















Write for full information about Stag 








Allenite and our other cutting tools. 
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STAG ALLENITE 
Tipped Cutting Tools 
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Edgar Allen « Co. Limited | Iie Css 
IMPERIAL STEEL WORKS - SHEFFIELD 9 Please post data on the Stag Allenite tools to: 


~ ( 


DID 30 Sih cect o. cade sad yaduhexcathnvasuacmnssyeeuie bape 


Cows 






For this Booklet post the coupon to-day 
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Foam 
Suppression 


Spray them on effluent 
that's rich in detergent. 
Add them — just a few parts 
per million — to the bubbling 
contents of a fermentation vessel, 
a varnish kettle or a dyeing vat. 
and foam simply refuses to form — or if 
it has formed already, just melts away. 
‘They’, of course, are the amazing I.C.I. 
Silicones — stable, non-toxic and sworn 
enemy of even the most stubborn foams. 
In breweries, dyehouses, sewage works, 
paint factories, glue factories — wherever 
foam wastes labour, space and materials or 
causes a public nuisance — these silicones, 
used in minute quantities, have an almost 
magical effect. And talking of effects, 
you could almost certainly effect a 
transformation in some part of your industry 
with I.C.1. Silicones. They not only 
suppress foam — they repel water, insulate, 
prevent sticking and are almcst immune to heat 
or cold. If you have difficulties in any of these fields, 
let us know about them: 
1.C.1. Silicones provide a beautifully simple answer 
to the ugliest problems. 


Silicones 


IMPERIAL CHEMICAL INDUSTRIES LTD. 
LONDON S.W.! 






















MILLS 
_ BRIGHT STEEL BA 


Rounds (drawn, turned and ground) 
Hexagons, Squares, Flats, 
and Special Sections. 





Mild, Freecutting, Casehardening, 
Carbon and Alloy steels. 

Supplied to A.1.D., Admiralty, 
B.S. 970 and customers’ 
own specifications. 


— —~ . , — mys — 


EXORS. OF JAMES MILLS LTD. 


BREDBURY STEEL WORKS WOODLEY. NR. STOCKPORT 


Telephone: WOODLEY 2231.(10 lines) Telegrams: ‘*MILLS'’ PHONE WOODLEY 
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iP 
PROCESS HEATING 





Free Technical Advice is offered on the 

applications of R.F. heating to Temper- 

ing, Brazing and Hardening processes 

etc. Ask our appointed agents for details 

of this and our other equipments or send 
the coupon 


PYE LIMITED PROCESS 





RF1/2 


Induction 


Heating 
Unit 5kW 


This has a nominal power output of 3 kW for continuous 
operation and works at a frequency of 2 Mc/s. It is medium 
impedance output suitable for multi-turn coils, and included 
among its many applications are brazing, hard and soft soldering, 
hardening and tempering. It allows heat to be concentrated just 
where it is wanted. 

The oscillator valve is water cooled, which dispenses with the 
need for a blower and air filter, enabling the equipment to be 
small enough to stand on a bench. The same water supply is 
used to cool the work coil. 

The heater has been designed for simplicity of operation, 
enabling repetitive production work to be carried out by 
unskilled labour. 


To Pye Ltd., Process Heating Division, 28 James Street, C ambridge 
Please send me details of Pye Process Heating Equipment 


COMPANY 
ADDRESS 


HEATING DIVISION Telephone: CAMBRIDGE 57590 








TYPES | SPEED POSSIBLE 
OF FEED | RANGES | COMBINATIONS 
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a a MODEL ‘I’ 
“§> <=) 6 HORIZONTAL MILLER 





6) With automatic c 





WHY PAY FOR ‘SPECIAL’ FEATURES YOU MAY NEVER USE? 


When you equip with A & S Model * 1° Millers you choose from 4 ranges of 
speeds and 6 different feed arrangements the best combination* for a particular 
job. Both hand-feed and automatic types can however be supplied with special 
attachments for special operations. No other small milling machine offers 
similar versatility or higher production capacity for so wide a range of work. 
picassinsdeedl *With the A & S Model ‘1’ brochure 
COSTE INAL, TRAVERSE . in front of you, you would know 


VERTICAL TRAVERSE , acai wilearini-ainen. 
TRANSVERSE TRAVERSE 


Built up to a standard-not down to a price 
‘ : e Bee x. : > Write for Mustrated leaflet 


ADCOCK & SHIPLEY LTD 





DUPLEX GRINDING by ROWLAND 


SPEEDS PRODUCTION 
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TWO STYLES, FRONT LOCK AND REAR LOCK 


Both equally efficient. Front Lock type 
recommended for general use, Rear Lock type 
for convenience in confined spaces. 


SERRATED BIT 
TOooxk: HE1OL DEES 


Made from forged nickel-chromium steel and for 
carefully heat-treated, these Tool Holders have high 
tensile strength and rigid construction which provides fi ATH ES 


a cushioning effect for the shocks encountered in 
rough turning and planing operations. Nineteen 


shapes of tool bit are available in both standard high SHAPE RS 
speed steel, and in our T.15 high speed steel for the 
more difficult materials. Tool bits are also PL ANERS 


stocked carbide tipped for steel and cast iron. 


BORING MILLS 


send for brochure to 


Richard Loyd Limited 


GALTON HOUSE, ELMFIELD AVENUE, TYBURN, BIRMINGHAM, 24 
Telephone: Ashfield 1801, Telegrams ‘‘Cogs, Birmingham” 





NORTHERN AREA OFFICE: Britannia House, Wellington Street, Leeds, 1. Telephone: Leeds 21212. 
LONDON AREA OFFICE: 240, Romford Rd, Forest Gate, London E. 7. Telephone: Maryland 7304-5 





The 
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Our range of industrial engines are a practical 
proposition for many types of industrial equipment 
... compressors, cranes, pumps, contracting equip- 
ment, earth borers, generators, railcars, welding 
plant, works trucks, tractors and conversions. 
Simple design, modern flow-line production methods 
and common interchangeable parts contribute to 
the low cost of these high efficiency engines. And 
remember, every engine is fully backed by a 
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industry 


World-wide Parts and Service Organisation. Take 
your choice from a wide power range... Diesel 20 to 
86 b.h.p. and Petrol 11 to 87 b.h.p. (12-hr. rating). 
DIESEL ECONOMY 

— have you considered the replacement of existing 
power units in your equipment and trucks with the 
famous 4D Diesel engine ? You'll have the unique 
advantages of economy, long-life and low running 
costs .. . plus the best service in the World! 


by Smee BA a 


Wherever you are, whatever your problem, 


BOE > 


MOTOR COMPANY LIMITED - ENGLAND 


are at your service 


For further details of our 


INDUSTRIAL 
ENGINES 


and the equipment they power, 
send the coupon to your nearest Ford Dealer 
or direct to 





Please send me technical brochures of your *PETROL/ 
DIESEL Industrial Engines. The maximum 8.H.P. required 
DS seerscsrsreneeennAbennennenmnels P.M. Also, please send details 
of the following equipment powered by your engines. 

















oa ciccndnncicccienccictons 
G51 20°H1 





* Delete where not applicable 











FORD MOTOR COMPANY LIMITED - PARTS DIVISION (G51) - AVELEY DEPOT - SOUTH OCKENDON - ROMFORD : ESSEX - ENGLAND 
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Co-ordinate Setting 
with KEARNS 
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—the latest method of 
co-ordinate setting 
developed by Kearns 
to increase productivity 
by eliminating 

strain and fatigue. 


Electronically controlled co-ordinate setting of Kearns horizontal boring 
machines provides an automatic means of positioning loads up to 2 tons with a 
maintained accuracy of less than + 0°0002’. Punched cards, dials and push 
buttons are the operator’s media. Control is effortless and inspires confidence. 
Machining times take on a new meaning as output inevitably increases. 


——1 


\K H. W. KEARNS & CO. LIMITED BROADHEATH near MANCHESTER 
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and improved design 


This cast steel bearing saddle for the Scott-Doxford Marine 
engine replaces a more expensive forged block. Freedom of 
design in steel castings and modern fabricast techniques enabled 
it to be made to meet functional requirements to an extent 
not possible by any other method. 

Meet your problems in the most economical way. Take 
advantage of steel foundry know-how and call in a steel 
foundry engineer at the design stage. 


Broomgrove Lodge, Broomgrove Rd., Sheffield 


Y } 
HSE THE BRITISH STEELFOUNDERS ASSOCIATION 
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air powered hand tools | ie” 
for industry at? er” 
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BRITISH MADE 








CHIPPING HAMMERS IMPACTOOLS 


SURFACE GRINDERS 


i, 


WELD I 
FLUX 
SCALERS 
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MULTI-VANE DRILLS 





CLOSE QUARTER 
DRILLS 












‘IMPACTOOLS 





SMALL 
MULTI-VANE ~< 
DRILLS 


SCALING 
HAMMERS 
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A SANDERS 





MOTOR 
HOISTS 











eee enon, ewe. 
| oy -Rand hand- a - power tools ae made 
and esigned specifically for the following 
SAND | TOR Q UE CONTROL | industries, Please tick the industry with — 
you are concerned. Descriptive literature wi 
| IMPACTOOLS | be mailed to you by return, 
RAMMERS Oil & Petroleum CL] 
| | Iron and Steel a 
Fabricated Metals bs 
hEMa F | Automobile L] 
& & Aircraft C] 
S05 .* | Railway L] 
2 > Ship and Boat Building L | 
Ppy bY) | | Machinery (Mechanical) [| 
Machinery (Electrical) [| 
| | Mining LJ 
Public Utilities . 
| | (Electricity, Gas, Water, Telephone, etc.) C] 
| NAME 
COMPANY 
| ADDRESS 


“ower ii tn hand with PEs. 


ee 





INGERSOLL-RAND COMPANY LIMITED 


165 QUEEN VICTORIA STREET LONDON EC4 + TEL: CEN 5681 
SCOTTISH OFFICE: 20 RENFREW STREET GLASGOW C2 
TEL: DOUGLAS 1233 - GRAMS: INGERSOLL GLASGOW 














After 540 hours of continuous heavy-duty work, Superwelds 
(Lewisham) Ltd. examined the new 6,000 r.p.m. Black & 
Decker Heavy Duty Angle Grinder and found it in perfect 
condition. No replacements or maintenance were needed— 
they put the machine straight back on the job! 

Only an Angle Grinder with GUTS could give that kind of 
performance — the kind of performance that cuts maintenance 
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New Black & Decker Heavy Duty Angle Grinder 
works 540 hours under heavy loads— 
and still no servicing needed! 


The only Angle 
Grinder with the 
GUTS to give 
you 12 months 
free servicing 


costs. That’s why, as a demonstration of our confidence, we 
offer 12 months free servicing* on every machine bought 
between now and December 3 Ist. 


This is the first time any manufacturer has been able to give 
such a positive guarantee of performance. Post coupon now 
for a demonstration in your own works. 


* Black & Decker operate the largest electric tool service organisa- 
tion in the country, with nine branches alerted for 24-hour service ! 


Yack & Decker 





NAME 


BLACK & DECKER LTD., HARMONDSWORTH, MIDDLESEX 
Please arrange a demonstration of your new Heavy Duty Angle Grinder. 





COMPANY 





ADDRESS 
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Many problems involved in the high-rate produc- 
tion of work of special nature or requirement are 
being solved by B.S.A. single spindle automatics. 
For work up to 2 in. diameter, from the common- 
place to the most intricate, B.S.A. automatics 
maintain their reputation for speed with accuracy | 
and reliability. 


Tie ee VAG KOM IP ee 


This bronze component is machined compiete in 7 
seconds on a B.S.A. 98 single spindle automatic. 
The “hairpin”? magazine feeds the cast-blank io a 
loading block on the rear cross — Ik ( 27mm) 
slide whence it is transferred to 

a chuck. Ten operations are 

performed involving tooling on 

the front cross slide, the turret 

and a stationary cutter within 

the workspindle, then the finished 

part is automatically released to 

fall in the pan. 


automatic inspection 


Standard tooling on a B.S.A. 48 single spindle automatic 
produces this burner-jet in 3} seconds. Included in the 
sequence of operations is an electro-pneumatic means 
of automatic inspection of the fine hole. Any obstruction 
to an air-blast which is directed through the component 
causes a back pressure to be 

fed to a Sigma control unit. 

This operates a solenoid unit 

which stops the machine and 

lights an indicator. Drill 

replacement and removal of 

the defective component can 


0146" DIA (04mm) them be made. 


34 Secs 


B.S.A. TOOLS LIMITED - BIRMINGHAM 33 - ENGLAND 


Sole Agents in Great Britain: 
BURTON GRIFFITHS & CO LTD - KITTS GREEN BIRMINGHAM Telephone: STEchford 3071 
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In addition to the Fixed Head Model of the G.K.N. 
Spark Machine, which has already proved so successful, 
the new Co-ordinate Head Model illustrated is now 
available. The Co-ordinate Head considerably widens 
the scope of the machine, by making possible the 
traversing of the Head without altering the position 
of the Work Piece. 
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Ahead of itself— 


A HEAD! 





The G.K.N. Spark Machine makes short work of 
precision die-making. Over a hundred of these machines 
are in use in Britain alone, cutting difficult materials into 
intricate shapes—accurately and fast. Materials like 
hardened steels and tungsten carbide. Speeds impossible 
to attain by other methods. Finishes requiring, very 


often, no further work before use. 


Right from the start, the G.K.N. Spark Machine was ahead of anything 


Sales Agents : 
M. C. Layton Limited, Abbey Wharf, Mount Pleasant, Wembley, Middx. 
Rudkin & Riley Limited, Cyprus Road, Aylestone, Leicester. 


comparable. With the introduction of this new Co-ordinate Head Model, 


it has now excelled even itself! 


GIK4N: Spark machine 


DESIGNED BY THE GKN RESEARCH LABORATORY 


Manufactured by 
WELSH METAL INDUSTRIES LTD. Caerphilly, Glamorganshire. 
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SMALL BATCH PRODUCTION 
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EQUIPMENT 


Capable of replacing conventional 
type machines, particularly on 
pipe flanges, valve bodies, and 
numerous applications in shipyards, 
steelworks, etc. A range of 

fully automatic units is also 
produced. 





Send for Your Copy Now! 
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been introduced to meet the demand for saws capable of 
producing accurate slots of narrow gauge in the more abrasive and 
tougher materials. 


The minimum thickness of saws available is .008 ins. in diameters up to 1 in. 
The largest saw in production at the moment is 6 ins. diameter by .125 ins. thick. 


We shall be pleased to quote against specific enquiries. Our engineers are 
available to discuss this or other applications of ‘Prolite’ in your works. 
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INGENIOUS INDUCTION HEATING FIXTURE 
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The E4 Induction Heater, the smallest in the Delapena 
range, is now being used by Dzus Fastener Europe Ltd. 
for a number of different applications. This has been 
made possible by the use of a specially designed jig, a 
typical product of the Delapena Project Department. 
THIS FIXTURE 
Fe Hardens pins for quick-release fasteners. 

. Brazes pins to handles and tempers hardened portion. 
3 Hardens milling cutters of different sizes. 
The alternative work heads and coils are fully and 
quickly interchangeable. 
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Please send me further information about induction heating 
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General view of the fixture 
and E4 heater showing set-up 
for brazing pins to handles 





Arrangement for hardening pins 





Arrangement for hardening cutters 
showing work coil and air jet. 


| Application of induction heating to par- 
| ticular production problems is a speciality 
| of Delapena engineers. As a means of 
I cutting production costs and increasing 
| efficiency, this modern process has wide 
| and often unsuspected potential. The 
I coupon opposite could be your entree to 
new economies. 


Engineers in Induction Heating 


DELAPENA & SON LTD., 


Manufacturers of Induction Heating and Precision Honing Equipment 
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At a single setting, the ST-100 copy 
mills any blade form—concave or 
convex—either straight or with up 
to 80° twist, also blending in tip 
and root forms. The cycle is fully 
automatic with push-button control, 
and pendulum, sweep or diagonal 
milling methods can be used. 
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For Blades up to 16" x 6” 


A two-spindle model is available 
from stock 


Sole U.K. Distributors 
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Most modern soluble cutting oils contain phenolic used what their chemists know as a higher fatty 
= compounds used as coupling agents between the alcohol complex. This solved one problem, but pres- 
] «oil and the emulsifier, for better blending and ented another. The new coupling agent was volatile 

"4 easier mixing. These phenolic compounds can at the high temperatures normally used in blending 

| cause skin irritation, especially where modern high- processes. Further research found a solution to this 
4 speed machines are used and the emulsion can problem by designing and installing new plant. 

concentrate, through the evaporation of water, The new Dromus Oils are every bit as efficient as 

‘4, above the safety level. before and cost no more. They put Management 

\\ Shell research chemists have been working on in the welcome position of being able to minimise 

44 this problem, which has been causing some con- working hazards at no extra cost. And machine men 

i =cern to Management. After considerable research, need no longer be so worried about skin troubles. 

othe Shell Dromus Oils have been reformulated and The moral of the story is that Shell research is 

these new cutting oils now produce bland emul- supremely applicational. The centre at Thornton 

sions, which considerably reduce the risk of skin is always ready to work with even the most special- 

trouble to operators. ised sectors to produce the right oil for the job. 

The real difficulty was to find a newcoupling agent If you and your organization have any major 

* to replace the phenolic compounds, and Shell finally lubricating problems, it pays to get in touch with 

| your local supplier of Shell Industrial Lubricants. 


The Research Story 


. Shell chemists in the U.K., in Holland and in the U.S.A., prepared 
j and examined hundreds of experimental soluble oils, and established 
} that certain combinations of fatty alcohols could be used in place of 
f phenolic compounds with no loss of efficiency. They set to work to 
5) discover the best combination and developed a higher fatty alcohol 
fy. complex which fitted exactly. Then they realised that to blend this new 
coupling agent into soluble oils would require special plant and new 

- blending techniques. 
. Exhaustive testing of blend stability, emulsion stability, anti- 


corrosion and machining properties led to selection of the most 
promising blends. A pilot plant was set up to produce batches of 
these for use in fieid trials. 


" This is the blending kettle. The 
This field testing and final development proceeded for two years 


reflux condenser beside the stirrer 


whilst production plants were erected at points so chosen as to give the See saledie ce = blending 
most economical and rapid delivery throughout the United Kingdom. temperature. 
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earth moving jobs. 

That’s why Vickers specify 
Rolls-Royce driving power 
coupled with efficient dependable 
gears ground by the 

Gear Grinding Company Limited. 
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The Gear Grinding Co. Ltd. 
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| eee may I say how glad I am to address an 
audience composed of production engineers. This 
not only affords me the pleasure of renewing contact 
with those who appreciate the role which the products 
of my industry play within the whole cycle of manu- 
facture; it also relieves me from the necessity which 
is always present when one addresses exclusively lay 
audiences, that is, to explain what a machine tool 
actually is and to attempt what must always be a 
somewhat crude definition of our complex industry. 
I think we may, therefore, start with a general 
A Paper ia nted appreciation of the key position held by the machine 
tool industry inside engineering as a whole. It is very 
to the Oxford Section of apposite that my remarks should fall within a series 
of addresses dealing with the European Free Trade 
Area, because I am sure that you will agree that this, 
The Institution of Production Engineers, or any alternative form of European economic 
integration, will present the British machine tool 
industry and individual manufacturing firms with the 
on I7th. February, 1959 pean challenge there has been ene the early days 
of this country’s own transition to an industrial nation 
of high production and advanced technique. 

Let me place on record at once that the machine 
tool industry accepted this idea of European economic 
integration long before the idea was mooted in the 
popular press. Naturally, there were firms which had 
individual misgivings but, subject to certain 
elementary provisos, such as a ban on direct subsidy 
of machine tool exports by foreign Governments, the 
idea has been wholeheartedly accepted. 
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In fact, you would have a very poor sort of machine 
tool industry in this country if there had been a 
failure to accept this idea. After all, the development 
of machine tools to meet newer and more complex 
techniques of manufacture is itself a dynamic process. 
Parallel with this technological development there has 
been in recent years an equally dynamic economic 
development in Europe. That is why, not only in the 
machine tool industry, but in any branch of manu- 
facture, one can easily assess the spirit of manage- 
ment in an individual enterprise by asking the 
leading question: “What is your firm’s reaction 
towards the European market ?” If the answer is 
negative, then in all but the most exceptional cases, 
one’s assessment of the firm in all aspects of its 
management and production is also likely to be 
negative. 


a challenge of high endeavour 


Europe is a conception both political and economic 
today. It may well imply a threat to the inefficient or 
the reactionary. In converse, however, it offers a 
challenge of high endeavour to those firms which are 
themselves energetic and forward-looking. 

That is why I am very glad to tell you, not only on 
behalf of my own firm, but on behalf of the British 
machine tool industry as a whole, that we are ready 
and eager to take up this challenge. Make no mistake 
about it: British machine tool firms have in recent 
years done more than show a passing interest in 
European affairs; they have started to explore new 
markets in Europe, selecting highly competent agents 
and taking advantage of opportunities to exhibit 
machine tools in European exhibitions. 

So much for the general attitude of the industry 
towards Europe. The industry’s problems in this 
market are, however, too difficult to be solved by a 
single declaration of faith. Of course, when I was first 
invited to address you we felt that the Free Trade 
Area was imminent. I need hardly remind you of the 
present unsatisfactory position in Europe. This clearly 
depends for its solution upon politicians and it is not 
my province to say what they should do. I think it is 
more relevant at this stage to give you some ideas of 
how the British machine tool industry is placed to 
enter the European market of tomorrow, with special 
reference to the type of competition which it might 
expect and the likely demand for its products there. 

First, I would draw your attention to some facts 
that are relatively little known about the British 
industry’s immediate post-War expansion. It now 
employs about 45,000 skilled operatives and in 1957 
it reached a record output of £95 million. It has the 
capacity available to go now beyond its traditional 
markets and take on a major share of the massive 
demand of tomorrow. 

Early last year The Machine Tool Trades 
Association collected and published figures from 115 
representative machine tool manufacturers. I think 
these figures are of the greatest significance, because 
they show that the industry has achieved a vast 
physical expansion since 1948. 
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These firms were employing at the beginning of 
that year £25.5 million (defined as net asset value in 
balance sheets). Ten years later, at the end of 1957, 
they were employing £78.5 million, over three times 
as much. These companies extended their plant and 
put up new buildings during this same period to the 
extent of 4.7 million sq. ft., at a cost of about £9 
million. The weight of the new machinery and equip- 
ment which they installed between 1948 and 1957 
amounted to nearly 29,000 tons, costing over £21 
million. 

The nominal value of production rose from £40 
million in 1950 to £95.3 million in 1957. In real 
terms, with all allowances made for the fall in the 
value of money, this means an increase in production 
of the order of 50°/,, which compares most favourably 
with the record of industry as a whole. In British 
manufacturing industry generally the comparable 
figure was 23°, and 30% for the meta!, engineering 
and vehicle industries grouped together. 

In addition, it should be realised that, as any 
manufacturer of machine tools will tell you, our 
industry has laboured under great difficulties since 
the War, ranging from a preoccupation with the 
Defence Programme and immediate post-War recon- 
struction, to the problems inherent in the credit 
restriction policies of recent years. 

It is at this point that I would underline one of the 
major advantages which the British machine tool 
industry enjoys in any potential scheme of economic 
integration in the Europe of the future. It is above all 
things an internationally-based industry; that is to 
say, it regards the main purpose of its existence as 
supplying or procuring the very best machine tools 
available for industry in this country. It is for this 
reason that it has for a long time been a substantial 
importer of machine tools, a factor which people 
outside the machine tool industry often fail to under- 
stand. I think one can therefore claim with fairness 
that the British machine tool industry has, as it were, 
psvchologically anticipated the economic integration 
of Europe several decades ago. It is not an industry 
based, as are some of its foreign competitors, on a 
jingoistic basis. Here is no industry claiming self- 
sufficiency on a national basis, nor establishing uni- 
lateral export records. Even if we wanted to do this, 
the strategic and industrial position of Britain, not 
only as the centre of the Commonwealth, but also 
as one of the most powerful economic entities of 
Europe, would make it most inadvisable. 


importation policy 


I think a few words on the industry’s importation 
policy are, therefore, essential, in order fully to 
appreciate at this stage the principles on which this 
complex machine tool trade of ours operates. 

First and foremost, our obligation is to the general 
productive efficency of the country as a whole and in 
this, of course, we have a special responsibility towards 
the industries which are themselves engaged in 
export. United Kingdom machine tool exports have 
averaged ever since the War about 30°, of total 
production. In 1957 they amounted in value to about 
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£28 million. It is not valid to compare this export 
ratio with the higher ratios reached by industries 
exporting consumer goods, which have no obligation 
to supply capital goods to other exporting industries. 

Certainly it would be most invalid to argue that 
this country should retain enough home-produced 
machine tools to meet its own needs and export only 
the surplus. Manufacturing industry in the U.K. is 
not itself able to support a machine tool industry 
sufficiently large to be both versatile and progressive. 
Therefore, it must follow that exports are a necessity 
both from the point of view of national prestige and 
the earning of foreign currency, and to assure that 
additional turnover which we need in order to equip 
our machine tool factories in Britain with top grade 
staff and operatives, as well as with the most modern 
plant possible. 


complete trading structure 


It must be remembered that machine tools are 
capital goods and it must be realised that it is not 
possible to mount sporadic selling tools in foreign 
campaigns in foreign markets. To install machine 
tools in foreign factories is an organic process based 
on extensive consultation and production know-how, 
and backed by continuing maintenance problems. The 
whole question of machine tool exports is enveloped 
in the complex trading structure of the industry as a 
whole and this includes a substantial measure of 
imports, which at first may seem paradoxical to a lay 
mind. 

The British manufacturer’s problems are greatly 
increased due to the fact that the demand on the 
home market fluctuates so much. It would be most 
uneconomic for him to hold his exports at a given 
level and yet vary the output of his works to meet 
the changing demands of the home buyer. That is 
why, in order to answer those critics who cannot 
understand why the importation of machine tools is 
a necessity, The Machine Tool Trades Association 
has put the following principle on record :- 


“Since the industry’s output target aims at 
meeting normal home demand and maintaining 
maximum exports, it follows that abnormal 
home demand must be met from other sources. 
In other words, the industry satisfies fluctuating 
home demand by varying imports, but not by 
varying exports.” 


We have now to consider the opposition which we 
could expect in a Free Trade Area. Our most obvious 
competitor is Western Germany and it is indeed a 
formidable one. It is somewhat larger than the British 
industry, employing about 86,000 operatives, 41,000 
more than in Britain, and in 1957 the total value of 
its production was £148 million as against the 
United Kingdom industry’s £95 million. Since it has 
a much larger home market, it is able to attain a 
somewhat higher export ratio. It clearly has the 
additional advantages of operating commercially 
upon those same European interior lines which 
enabled German armies to fight so long in two 
European wars. 








Nobody can possibly underrate the German 
challenge, not only in Europe but throughout the 
world—a fine, highly trained labour force and what 
everyone will admit, however ruefully, an unflagging 
will to work. Certainly the machine tool exhibition 
in Hanover in 1957 left no grounds for complacency 
inside our own industry. I have had the advantage of 
visiting a considerable number of West German 
machine tool works. There is no question that very 
many of our competitors, whose works were destroyed 
or restarted after leaving the Soviet zone, now enjoy 
advantages productionwise which would excite the 
envy of their British competitors; basically, if one 
starts with a green field, many years of experience, an 
influx of skilled refugee labour and apparent access 
to vast Allied economic aid, it would, indeed, be 
surprising if one could not achieve outstanding 
advances in layout and production. 

One of the British manufacturer’s major stumbling 
blocks in entering the European market of tomorrow 
is the problem of getting a foothold within Germany 
itself. It is, of course, one of the major phenomena 
of modern times that a considerable amount of trade 
is possible between highiy developed, albeit rival, 
industrial giants like Britain and Germany. Neverthe- 
less, the problem of exporting machine tools to 
Germany bristles with difficulties. It should be said 
right away that there is very little point in either 
country exporting what we may call bread and butter 
machines to the other. British manufacturers should 
not seriously contemplate exporting engine lathes to 
Germany, and more than a German manufacturer 
would try to send radial drills in large numbers to 
this country. 

Nevertheless, there should be inside Germany itself 
considerable scope for the more special-purpose type 
of machine tool or for certain types of heavy 
machinery. Several British firms have already scored 
some initial success in this market, although the ex- 
port of German machine tools to Britain is a much 
wider stream than the trickle which goes in the 
opposite direction. There are, of course, a number of 
difficulties such as the use of the metric system in 
Europe, but generally speaking all machine tool 
makers at present fit metric dials and plates, and this 
can readily be extended to the provision of metric lead 
screws and international tapers for spindles, which are 
features which many companies provide on machines 
for India and China. 


distribution difficulties 


Perhaps the greatest difficulty inside Germany is 
that of distribution. There are not enough German 
agents to go round, largely because the German 
manufacturers themselves distribute through the exist- 
ing agents and there are very few of these who can 
boast of all-German coverage. Again, there are 
certain nationalistic prejudices to be broken down and 
in this respect I think that not only management, 
but shop floor opinion in the engineering industry 
of this country is, if I may say so, far more liberal 
and European-minded than some of their Continental 


599 






























































colleagues. However, the transition to acceptance by 
all Europe of the principle which has long informed 
the British industry, namely, procuring the best tool 
available for the job, irrespective of national origin. 
must be a slow but definite process and it largely 
depends upon solid work of education on the part 
of our sales people. 

The British machine tool industry has attached 
during the last year great importance to this prospect 
of getting inside Germany, because it is symbolic of 
the struggle as a whole. Get a foothold in Germany 
today, the argument goes, and you will be inside the 
Europe of tomorrow. This is quite apart from prob- 
lems of the “little Europe” which beset us today. 
These may well present great difficulties immediately 
in a country like, for example, France, where even the 
initial discrimination brought about by the operation 
from Ist January of the Common Market treaty 
could have the effect of causing distributors to lose 
enthusiasm so far as British machine tools are con- 
cerned; although, on the other hand, the liberation 
of further types of machine tools so far as licensing 
is concerned now means that the British manufacturer 
will once more be considered, even though competi- 
tive machines are manufactured in France. 


taking the longer view 


We must take the longer view and go beyond the 
mere manufacture and selling of machine tools into 
the entire political-economic philosophy of a united 
Europe. I myself have always been a firm believer in 
this ideal, and I am convinced that the total machine 
tool demand of Europe in the future will greatly 
exceed even the market today. 

German manufacturers also are dissatisfied, I am 
sure, with the existing schism in Europe, even though 
the establishment of the Common Market by itself 
will strengthen the position of Western Germany vis 
@ vis the other machine tool industries in that organi- 
sation. There must be a certain uneasiness on the 
part of the Germans on too close a tie-up of the 
German economy with those of the other members 
of “ little Europe ”. German sales of machine tools, to 
be fully competitive, say, with our own, cannot con- 
fine themselves to a limited territory in Europe and 
there may well be fear that the present Common 
Market is not large enough for them, and that it may 
have the indirect but inevitable effect of hindering 
them in the world markets which are essential to an 
industry with a tradition of export, such as the 
German machine tool industry. 

The main industrial countries of Western Europe, 
which are all represented on the Furopean Committee 
for Co-operation of the Machine Tool Industries 
(Belgium, France, Germany, Great Britain, Holland, 
Italy, Sweden, Switzerland) in 1956 all imported 
substantially from Germany. Switzerland, for 
example, took 78°/, of its machine tool imports from 
Western Germany; Italy 66%; Holland 60%; 
Sweden 60°; the United Kingdom 60%; Belgium 
55%; and France 47%. Clearly, the Common 
Market can only strengthen this dominance by Ger- 
many, as German machine tools will be subjected to 
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lower import duties inside the Common Market than 
those machines coming from countries outside the 
area, such as the United Kingdom, U.S.A., Switzer- 
land and Sweden. Inside Germany itself, where 
machine tools are not at present protected against 
foreign competitors, the Common Market import 
duty will strengthen the local industry and make it 
even more difficult for Britain to enter there. 


a major interest 


I think, however, that both Britain and Germany 
have a major interest in developing some sort of 
economic entity such as that envisaged by the now 
defunct Free Trade Area. Germany, it may be said, 
cannot afford to tie itself to an economically weak 
country like France indefinitely and, as has already 
been noted, must fear a general disturbance of the 
balance of trade which would follow if she were to 
import more agricultural products from Europe and 
less from the potentially great machine tool markets 
overseas. For example, a country like Brazil or India 
might well tend to cut imports of industrial goods 
from Germany in favour of similar imports from out- 
side “ The Six”. 

This might afford Britain a temporary opportunity 
at the expense of Germany, but I think we should be 
very short-sighted to place our hopes in a temporary 
favourable condition which, when all is said and done, 
would result from the tragic political and economic 
division of Europe. 

I have dealt at some length with Germany, because 
| regard that country, whether as a product of or as a 
market for machine tools, as the decisive element in 
the Europe of the future. We should not ignore the 
fact that other machine tool countries have grown up 
in Europe since the War, some of them — as in the 
case of France and Italy—as a direct result of 
development by the Axis powers of their industrial 
potential during the War. In addition, too, we have 
the Swiss industry with its great traditions of skill 
and high precision. Switzerland is, of course, a 
potential rival in many spheres, but as a highly 
industrialised country and, significantly, as the most 
important machine tool country apart from Great 
Britain which is excluded from the Common Market 
countries, it could potentially import many more 
British machine tools, particularly of the heavier type. 


future prospects 


The visionary conception of a united Europe opens 
up a prospect of greatly increased production. This 
applies particularly to countries such as Spain and 
Portugal, which have for so long lagged behind the 
rest of Europe in adapting themselves to modern 
mass production. There are whole areas of these 
countries where ambitious industrialisation schemes 
are coming into being. 

The initial assistance afforded by the British 
machine tool industry in developing the original 
industrialisation of such countries is one which has 
generated a certain amount of goodwill in our favour. 


















In Spain, for example, a recent mission from the 
industry’s trade association was able to draw attention 
to this past role, and to give the Spanish authorities 
some idea of the extent to which the industry was 
prepared to assist in new industrialisation schemes. 


The numerous machine tool firms of these countries 
would most certainly present many problems of com- 
petition as well as of organisation to us in the future. 
It is impossible to say whether any general degree of 
rationalisation would come into Europe as a result or 
whether companies would emerge. I should not like to 
prophesy what would happen in these spheres, but 
I think it may be said with some confidence that in 
a liberal, multilateral trading community, such 
developments would flow organically, as it were, and 
not as a result of any super-national policy of control 
or direction. In other words, free enterprise would in 
all countries adapt itself both to the capture of 
markets and to the organisation of production. Thus 
we may already discern in Europe a degree of 
anticipation of this future development in the shape of 
licensing agreements, and I think many British manu- 
facturers who find difficulty in entering the Con- 
tinental market would do well to ponder the great and 
immediate advantages which would accrue to them 
through arranging for their products to be manu- 
factured on the mainland of Europe under licence. 
In some cases, British firms will be contemplating the 
formation of their own manufacturing companies on 
the Continent. 


adjustment of selling techniques 


Entry into Europe by British machine tool manu- 
facturers will also necessitate a reorientation in our 
attitudes towards sales promotion. Selling techniques 
which have proved highly successful in this country 
and in the Commonwealth must be radically adjusted 
to suit Continental markets. This brings in its train 
ancillary problems such as that of languages and of 
sales organisation, because in many cases the agents 
are insufficient to handle the volume of work which 
we hope will be forthcoming. 


Consideration of United Kingdom manufacturers’ 
problems therefore resolves itself at this stage into a 
brief review of the condtion of the industry. I have 
already referred to its quite substantial physical 
expansion since the War. This gives us the capacity, 
but any forward-looking manufacturer will appreciate 
that this by itself is not enough. Research and 
development also come into the picture and I am glad 
to say that a survey recently carried out by The 
Machine Tool Trades Association, the substance of 
which will shortly be published, reveals a measure of 
progress in this field which is highly encouraging. 
There are many technical advances, particularly in 
the sphere of electronic control, which are enabling 
the British manufacturer to keep abreast of his lead- 
ing Continental competitors. We hope this will be in 
evidence at the Sixth European Machine Tool 
Exhibition which will be held in Paris in September, 
1959, and where, I am glad to say, British representa- 








tion will be substantially greater than it was in 
Hanover in 1957. 

The British machine tool industry certainly 
appreciates one aspect of its claim to a stake in the 
European market. The human element is vital when 
it comes to designing machine tools. We all know 
of the very thorough training which is offered in the 
German technical high schools, and there is no doubt 
that the great investment in brain power has been 
reflected in the designs of machine tools, not only 
in Germany, but in those of other countries who have 
courses for top level designers. Now that we are 
freed in the U.K. from the numerous preoccupations 
which have bedevilled our post-War existence, we have 
taken a decisive step towards ensuring a future supply 
of top level designers in the industry. I refer to the 
recently announced M.T.T.A. design scholarships 
which will enable men in industry and from the 
universities to undertake a two-year top level design 
course at The Manchester College of Science and 


Technology. 


an historic measure 


This move is, of course, only a gesture. True, it will 
mean that in 18 months from now there will be at 
least 20 M.T.T.A. design scholars taking the course, 
but you will realise that this is intended as a bare 
minimum, a mere nucleus of those who will ulti- 
mately benefit from it. Other industries and indepen- 
dent students will undoubtedly wish to avail 
themselves of an opportunity to make use of so 
advanced a course, and it may well be that other 
university centres will in time institute parallel courses 
of their own. One thing is certain; we have at last 
in Great Britain the opportunity of starting what may 
one day prove to be the leading machine tool design 
centre of the world, and I hope that any assessment 
of the industry’s long-term prospects in Europe or. 
for that matter, in any other world market, should 
be considered in the light of this historic measure. 

The British machine tool industry is geared to enter 
the European Market as a whole. It welcomes the 
tendencies towards multilateralism, particularly in 
markets such as Spain and France, where sterling 
difficulties prejudice the sale of British machine tools. 
Such countries, although Britain is a major customer 
for many of their products, must perforce use their 
sterling in Commonwealth, as opposed to purely 
British, markets, in order to purchase essential 
supplies of petroleum and wool. They cannot buy 
these from Germany. so that bilateral arrangements 
tend to favour the German machine tool manufac- 


_turer at the expense of the British. 


I hope I have therefore been able to give you a 
picture of the attitude of this import section of 
engineering. In doing so, I have endeavoured to give 
some idea of the impact of the challenging conception 
of a Europe politically and economically united to- 
wards this highly sensitive branch of our industrial 
complex. It is a conception which must commend 
itself to any industry whose leaders are not afraid of 
the future. 
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HE shoe industry, like many other industries, has 

become more quality-conscious in recent years. 
‘The generous space given to the subject in journals, 
the frequent lectures and conferences and, what is 
more important, the development of new techniques 
in factories, are a sure sign of this deeper interest in 
quality problems. 

The interest in quality questions in the shoe 
industry has had two phases and has grown in two 
directions. 

In the first place an important section of the 
industry has been making better and more expensive 
shoes. Lhis primary interest in quality — the 
endeavour to build additional quality features into 
the product by using better components and better 
consumable materials, has not, however, led to any 
noticeable lessening of cost consciousness within the 
industry. On the contrary, under the pressure of 
foreign competition the extra quality and its price are 
being balanced on ever finer scales. 

This accompanying concern about costs, combined 
with the development of statistical and other 
advanced methods of quality control, stimulates 
interest in the secondary aspect of the quality 
problem, namely, into the question of how best to 
organise the quality control function so that the 
specified and often more exacting quality require- 
ments are attained in bulk production with the 
maximum of efficiency without set-backs and delays 
and at a low cost. 

I think it is essential to say a few words by way 
of introduction about the background of this growing 
preoccupation with quality in the primary sense of 
the term, before dealing with the more detailed 
aspects of quality control techniques in the shove 
industry, so that the origin of this trend as well as 
its consequences, the wood as well as the trees, can 
be seen in a clear outline. 











demand for the quality product 

Compared with pre-war years the number of shoes 
bought per head of population per year has not 
changed much, but there are indications that the 
consumer is prepared to spend relatively more on a 
pair of shoes than before the War. With the rise in 
the standard of living and a more even distribution 
of income the buyer of shoes has become more 
fastidious about design, fit and quality. As with food, 
so with shoes; we do not eat more as we grow richer, 
we eat better. 

Foreign competition of two types has forced the 
pace in this direction. At the lower extreme of the 
quality range there has been a substantial increase 
in the import of rubber-soled shoes, slippers, tennis 
shoes and sandals, coming mostly from Hong Kong. 
In the upper quality ranges the British manufacturer 
of women’s fashion shoes has been facing growing 
competition from Western Europe, mostly from Italy. 
The competitive success of the cheap, duty - free, 
Empire-made product need not cause surprise. Here 
the British shoe industry, not unlike Lancashire 
cotton, seems to be fighting a losing battle (in this 
range the imports of this cheaper rubber-soled foot- 
wear have increased from 40°% to 47°%% of domestic 
sales between 1957 and 1958). The popularity among 
British women — who, it is relevant to point out, 
now travel more te the Continent than they ever did 
before — of the well-designed and well-made Italian 
glamour shoe has, however, come as something of a 
shock. On the whole the British shoe manufacturer 
responded in the correct manner, by fighting back, 
and this with a large measure of success. As a result 
of these highly competitive imports, which represent 
a little over 4% of the whole range of domestic 
sales of leather-soled shoes, design and also some of 
the less flashy but equally important aspects of 
quality, such as workmanship, have improved. Train- 
ing schemes for women operators, for instance, based 
on advanced techniques have been introduced — the 
Italian machinists have a deserved reputation for 
manual dexterity — and the trade is showing in 
general a lively interest in methods of improving 
operators’ skill and workmanship qualities. 

In the export trade, too, a growing number of 
British shoe manufacturers has been paying greater 
attention to the higher priced overseas markets in 
America and elsewhere and, assisted by the relatively 
slower progress of inflation at home, have been dis- 
covering for themselves that the relative advantage of 
the “Made in England” consumers’ product is 
increasing in the more lucrative foreign markets. 

In a society as opulent as that of the United States, 
the economic system in order to maintain its balance 
is liable to force an ever faster pace on industrial 
production, and this cannot often be done except 
at the expense of quality, especially in its primary 
sense of “ durability’. Also, the high cost of labour 
and consequently of repairs, even when done in repair 
factories, favours a less durable shoe construction 
intended to be repaired once, or at the most twice. 
Yet, at the same time the demand for the top quality 
product is apt to assert itself in an opulent society. 
When you have collected as many pairs of shoes as 








will go into your wardrobe and have still money to 
spend on shoes, you begin to ask for a really good 
pair worthy of your Cadillac. 


meaning of quality in shoes 


Let it be emphasised at this point that this demand 
for quality footwear at home and elsewhere is not 
solely a demand for sheer durability. In shoe-making 
one can go a long way in quality styling, design and 
appearance without committing oneself to durability, 
but there is a point beyond which these different 
aspects of quality must go forward in unison. Given 
the nature of the material used, it is difficult, once 
you have reached this point, to impart to a shoe the 
convincing expensive look, elegant appearance and 
fine finish without also using durable and relatively 
expensive materials. There is a similar relationship 
between comfort, another facet of quality, and dur- 
ability. Owing to the highly unmathematical and un- 
scientific shape of our feet and to the great variety 
of dimensiuns which this part of the human anatomy 
is capable of assuming, a large number of people 
find that the newly bought shoe is not as comfortable 
as the one just discarded. Thus, as far as shoes are 
concerned — and it is possible to think of similar 
examples from other industries—aesthetic enjoyment 
and the prosaic facts of serviceability and durability 
tend to be evoked together when quality is mentioned. 

It should be noted, however, that the “ buy more 
shoes” idea has much to commend itself from the 
point of view of quality as seen by an enlightened 
customer, because a shoe that gets more frequent 
and longer rest periods lasts longer and is more 
hygienic. British shoe manufacturers have, in fact, 
been making considerable efforts to persuade the 
British customer to adopt the American habit of 
buying a greater number of “occasional”, though 
not necessarily cheap shoes, in order to utilise to the 
full expensive plant and machinery and to achieve 
economies of scale in general. 


quality and price competition 


To say that sections of the shoe industry are alive 
to quality problems in this primary sense of seeking 
ways of building additional quality features into the 
product may seem to imply that the individual shoe 
manufacturer set on this task has some latitude in 
pricing his product accordingly. Such an inference 
would be incorrect. Most of the time the individual 
shoe manufacturer faces a set of prices or price 
brackets separated by intervals of several shillings, 
and the production of each style of shoes is planned 
and costed so as to arrive at one of these price 
brackets. He is not free to strike his own price 
between the recognised price brackets. If he decides 
to engage an expensive Italian designer costing him 
3d. a pair, he must cover the extra cost by savings 
in other directions or absorb it. 

Naturally, a broad trend towards higher quality 
is liable to lead at intervals to an upward review of 
the conventional price brackets by a collective under- 
standing within the industry, and when such a review 
takes place the capacity to absorb additional costs is 
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created for the more efficient manufacturers. But this 
does not alter the fact that at any given time in the 
intervening period the individual manufacturer is, on 
the one hand, under the continual pressure towards 
high quality and on the other, facing the brick wall 
of a fixed price. With little scope for quantity 
expansion and economics of scale, competition in the 
shoe industry is to a large extent quality competition. 

Thus, while the shoemaker is always ready to try 
new materials and components carrying the promise 
of adding a new quality feature to his product, price 
is never far from the foreground of his mind and new 
cheaper ways of achieving the same result will be 
explored just as readily. 

This brings me to the second aspect of this growing 
interest in quality. The concern about building into 
the product additional quality features at as low 
and as competitive a price as possible has drawn the 
industry’s attention to the organisation of the quality 
control function in factories, and to quality manage- 
ment in general. New developments in the application 
of statistical techniques to industrial problems have 
enabled some definite progress to be achieved in this 
direction. The remainder of the Paper is an account 
of a system of quality control in an above-average 
shoe factory, emphasis being placed all along on 
points of contact between the quality control and the 
planning functions. 


planning for quality 
1. testing of materials and components 


The foundation of every system of quality control 
is inspection, and in certain special cases physical and 
chemical testing. It is useful for inspection to take 
place at three points in factories corresponding with 
the three stages of production: inspection of raw 
materials and components, inspection of the pro- 
duction process or of work in progress, and inspection 
of the finished product. 

Inspection of materials and components can again 
be considered under two headings. First, there is 
inspection at the planning stage when the properties 
of the product and the details of the manufacturing 
process are specified, which often involves the testing 
of the physical and chemical properties of materials 
and components. Secondly, there is inspection of 
deliveries of raw materials and components to ensure 
that they are within specified limits. 

In the shoe industry the assessment of components 
and raw materials from the point of view of quality 
and suitability for the intended process at the plan- 
ning stage is, for a number of reasons, a formidable 
task. First of all, the shoe is made of an unexpectedly 
large number of widely different types of materials 
and components — 40 or more —and within each 
type there is a wide range of choices : there is leather 
and fabric and thread — natural and man-made-- 
there is rubber and adhesives, grindery and all 
manner of paper and fibre-board in different shapes 
and there is the lesser fry — inks, sprays, wax and 
buttons, and things such as stiffeners, toe-puffs and 
shanks — names one does not mention in polite 
society. 
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It must be remembered that in shoemaking one is 
working to very imprecise and indefinite tolerance 
limits. When the manufacturer is about to make a 
new product, a new style of shoes, and is choosing 
the soling material for it, the chances are that very 
few soling materials available on the market will be 
wholly unsuitable, in the sense that the manufacturer 
will not be able to make soles or attach them to the 
shoes and sell the whole lot as wearable shoes. On 
the other hand, and for exactly the same reason, the 
available materials and components can be arranged 
in a very fine order of preference and suitability. In 
other words, in shoemaking and as far as the choice 
of materials and components is concerned, it is 
relatively easy to avoid fatal mistakes, but it is hard 
to be really good at the game. 

Thus, in a sense, the shoe manufacturer need 
hardly bother about specifying his materials and 
components or he may use very rough and ready 
methods and get away with it, but if he is serious 
about quality, as he has had to be for some time, 
he has got to do a lot, in fact more than an individual 
shoemaker is usually able to cope with. 

For to each of these materials and components a 
number of quality criteria can be applied and to 
arrive at a reliable assessment is not often easy. 
Consider leather as an example. Sole leather can and 
should have durability in wear, waterproofness, flexi- 
bility; it is also relevant how it will react to heat, 
perspiration, oil and all sorts of other substances 
with which it may come into contact within 
specified circumstances. Upper leather should in 
addition have fastness of finish and strength. When 
so many quality attributes have to be _ con- 
sidered and balanced against price, it is hard to 
decide what is better quality and what is 
worse. Moreover, it is hardly ever possible to assess 
the individual quality attributes by simple visual 
inspection. Very often a laboratory test requiring 
specialised equipment is necessary merely to obtain 
a reasonably reliable assessment, let alone the best 
quality assessment possible. As regards wearing pro- 
perties of leather or rubber, the conditions to which a 
shoe will be subjected in wear cannot be simulated in 
the laboratory with complete success and only a wear 
trial can provide a dependable answer. 

For these and other reasons it is wholly impracti- 
cable for the average firm, which employs some 300 
employees and has an annual turnover of £500,000, 
to depend on its own resources to assess the quality 
attributes and the process suitability of new com- 
ponents and materials. There is no shortage of new 
components and materials at present. Recently in 
particular, some of the liveliest and most experi- 
mental-minded industries, such as man-made fibres, 
plastics, rubber, textiles and paper-board have 
become important suppliers of shoe components. This 
is not to say that new developments are not taking 
place in the jndustries concerned with the complex 
chemical processes of leather tanning and finishing. 

As a result of all this the shoe industry has been 
one of the pioneers of the research association move- 
ment. The advantages of combining to support a 
joint scientific and industrial organisation, and of 








undertaking materials and components assessment 
as well as fundamental research through its offices, 
has been too obvious to pass unnoticed for 
long. The British Boot, Shoe and _ Allied 
Trades Research Association (S.A.T.R.A.) founded 
after the First War, is not a speciality of this country, 
but in many ways the Englishman has been blessed 
in this respect at the expense of all other nationalities 
such as there may happen to be. The shoe manu- 
facturer, of course, also benefits indirectly from the 
activities of other research organisations, such as 
the Research Association of British Rubber Manu- 
facturers. 

When a new style of shoes is being planned and the 
first sample is in preparation and the use of a new 
material or component is contemplated, the enlight- 
ened shoe manufacturer will send a sample of the 
fabric, leather, thread or adhesive to the Research 
Association with the query: ‘Would you please 
test this and tell me if it is any good?” : or he may 
ask: “I am thinking of doing this and that — will 
you send me a list of suppliers of suitable branded 
materials.” The nature of the enquiry depends to a 
certain extent on whether the material is or is not 
branded. At times the manufacturer, especially 
if he is less enlightened and has not tested his 
materials in advance, may send a pair or worn boots 
with a note: “Dear Sirs, I have had thousands of 
these back with the zips coming undone — have I 
done wrong in putting those zips on those boots?” 
Most shoemakers have someone to receive complaints 
from retailers and consumers and from these depart- 
ments valuable knowledge filters through to the 
Research centre and is accumulated there for the 
benefit of all. All such testing does not, of course, 
arise only when a new product is planned, but also 
when the manufacturer switches from one supplier 
or one type of material to another on an old product. 

One of the main difficulties of inspection and 
testing at the planning and design stage under com- 
mercial conditions is the inevitably limited time which 
separates this stage from the beginning of bulk pro- 
duction. It is, therefore, one of the main objectives 
of this central body to be one jump ahead, to take 
the initiative and test new materials as soon as they 
reach the market, or preferably before, so that it is 
ready with the answers when the first manufacturer 
sends in his enquiry. 

It is desirable, in fact, to go a stage further still 
and tackle directly the supplier of raw materials and 
components. In those cases where it is possible to 
say that certain undesirable results in wear or manu- 
facturing will follow if, for example, loose salt 
content of an insole exceeds a certain percentage, it 
is then possible to issue a definite specification for 
the guidance of the supplier. The Footwear Industry 
has been doing this successfully through the Research 
Association for several decades. 


planning for quality 
2. engineering test of quality 

The testing of the physical and chemical proper- 
ties of individual components and materials at the 
specification stage is not enough. The components 


have to be put together, nailed and screwed, stitched 
and stuck. The components and materials may be all 
right in themselves, but they may not be all right 
in relation to one another. They may not fit together 
or the available plant may not be adequate to the 
task, or only just adequate so that some important 
aspect of quality is sacrificed. What is required then 
is also an “engineering” test in the factory. In the 
average shoe factory the procedure is as follows : 
a design which the sales organisation feels would 
sell at a certain price is accepted; the materials and 
components are selected and, when necessary, tested ; 
the production engineer or factory manager is 
brought in, a sample made and the product is costed. 

From the point of view of quality at this and later 
stages, the balance of power between the sales and the 
production organisation and the degree of co-ordina- 
tion between them is of great importance. 

In general, the tendency in the shoe industry is 
for people in close contact with a fashion-conscious 
sales organisation and sharing its point of view, rather 
than the production staff and technicians, to have not 
only the initiative but the main influence in deciding 
what the product is going to be and, in broad terms, 
how it is going to be made.The production staff 
proper, the production engineer if you like, who will 
have to make the shoes is on the defensive and in 
the psychologically disadvantageous position of an 
objector without proper powers of initiative. 

With national consumption of footwear stationary, 
the man who sells shoes is in a strong position, vis-a- 
vis the shoemaker. Footwear is, of course, also a 
typical fashion industry; this is the salesman’s second 
trump card. There is in the third place the fact that 
it hardly ever happens that a shoe design, no matter 
how bizarre, cannot be made in the average shoe 
factory with its existing plant and equipment. Change 
of style and design or change of materials and com- 
ponents hardly ever require fundamental re-tooling in 
the factory. As a result, there is a tendency in the 
shoe industry to design and sell a shoe first and to 
overcome the difficulties of making it afterwards. 
These difficulties, although not fundamental, may be 
numerous and to overcome them may be costly ; 
a difficult style may have to be subsidised by other 
styles. 

Thus, this sample made from a design is intended 
not only as an engineering test of the process, but 
also as a means of convincing the buyer to place an 
order. These two functions of the sample may con- 
flict: in order to convince the buyer, the sample 
must be as smart as possible; special care is often 
taken with it; it is given to particularly skilled 
operators or done by hand. Of course, if samples are 
numerous, they affect uniformity of production on 
the main line and this may be an additional reason 
for segregating them. 

Once an order is placed the manufacturer is fully 
prepared to face the cost of a proper engineering test 
under factory conditions. Another sample or set of 
samples is often put through. The foremen are invited 
to make their comment and suggestions which are, 
or should be, carefully scrutinised. If these pathfinders 
are made they are presented for approval to the 
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buyers who may request modifications in detail, in 
which case yet another set of samples is sent through 
the factory for further tests. Unfortunately, for 
quality, the sales organisation in the shoe industry is 
often in such a strong position that fashion alterations 
will be suggested at this late stage. 

If the buyer insists on too many modifications time 
may be running short and this is when the shoe 
manufacturer’s planning for quality is likely to run 
into trouble. It can and does happen that some last 
minute changes in a particular component or material 
are not properly tested before bulk production begins. 
Such untested last-minute alteration can throw the 
construction of the shoe out of balance in 
some unforeseen manner. 


inspection of deliveries 


A great deal has been written about 
acceptance sampling. It is, however, usually only 
a second best. Unless the raw material or 
component is imported from overseas or the number 
of possible sources of supply is_ considerably 
greater than the number of industrial users, 
inspection at the end of the supplier's factory 
and process control inspection geared to the quality 
requirements of the ultimate users within it is a more 
economical answer to the problem. In this way dupli- 
cation is avoided and any weakness or quality defect 
from the point of view of the final consumer is 
stopped at the source, instead of being passed from 
firm to firm with disastrous consequences for planning 
and quality at each subsequent stage. As with taxa- 
tion, so with inspection it should be imposed as 
near the source as possible. 

Acceptance sampling often leads to the return of 
a whole delivery to the supplier if the number of 
defectives in a sample is above a predetermined 
acceptance limit. In practice, however, the type of 
material or component which is particularly likely 
to have a high percentage of defectives is the one 
that the manufacturer is desperate to have at any 
cost. If it were otherwise he would have turned to a 
better and more reliable supplier long ago. Hence, 
in practice acceptance sampling does not help him, 
because he is not in a position to reject a whole 
delivery. All he can do is to have someone go through 
the whole delivery and throw out the defectives and 
accept the good ones, otherwise his planning and 
whole production schedule will be thrown out of 
gear. 

In the shoe industry if the material or component 
is cheap, the first operator to handle it is often paid 
a little extra for throwing out defectives into a bin. 
the contents of which can and should be examined 
by the quality controller. 

In almost all shoe factories the only deliveries 
that are screened and sorted are deliveries of leather. 
A leather finisher normally supplies a number of 
shoe manufacturers each of which has his own special 
requirements, and this would make it rather difficult 
to organise a final inspection in the leather finisher’s 
factory which would fully satisfy the different require- 
ments of each leather buyer. Leather is also so 
variable that a full inspection and sorting of deliveries 
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is necessary, both as a protection against possible 
unfairness on the part of the supplier and in order t 
control leather utilisation by cutters (clickers) in the 
shoe factory. 


inspection of work in progress 


Until a few years ago the only form of inspection 
in the average shoe factory was final screening inspec- 
tion at the end of the factory, and sometimes also 
at a few intermediate points. The main object of this 
inspection is to locate rejects and defective shoes. 
At the end of the factory rejects must not be boxed 
and at some intermediate stages it is uneconomical! 
to allow a defective shoe to go any further. It is 
cheaper to have it repaired or to scrap it. 

A subsidiary but less convincing reason for full 
inspection at the end of departments is to protect the 
foreman against unjustified complaints from the fore- 
men of subsequent departments or from the manage- 
ment. In the shoe industry, it is not always easy to 
say by looking at a damaged or defective shoe at the 
end of the factory where the damage occurred. A 
disproportionately large sum of money may be spent 
to give a foreman of a department the security and 
knowledge that no bad work is leaving his room 
and the cost of having a final examiner is often far in 
excess of money saved by having him. 

It is also worth adding at this point that it is 
a common and in some cases undesirable practice in 
the shoe industry for the screening examiners at inter- 
mediate stages to do a certain amount of repairs. 
This can be the beginning of a bad habit — the piece- 
work operator can come to rely on the examiner down 
the end of the room and create enough work for 
him needing repair. 

Such screening inspection, sometimes unnecessary, 
is in many ways also inadequate as an instrument of 
quality control and is not very constructive in the 
effort to raise quality. Although the rejects thrown 
out by the screening examiner can be and often are 
analysed by the particular department responsible, 
a great many of the shoes that are not rejects, those 
in particular that are just passed, may have minor 
blemishes often indicative of potential trouble. Such 
blemishes may be the incipient causes of future 
rejects, the origins of future repair work, quite apart 
from the fact that they are frequently quite unneces- 
sary in themselves and can be eliminated at no extra 
cost. 

By the time the shoe reaches the final inspection 
at the end of the factory, or those intermediate points 
where 100% screening is justified on its own merits, 
some of these blemishes are already covered up and 
hard to identify— several machines or operatives 
could have been at fault. The sooner they are 
detected the better. A check on these minor but 
significant blemishes must therefore be made at a 
great number of points throughout the factory, and 
as the object of such an enterprise is not to locate all 
the shoes with these blemishes — such shoes need not 
be either repaired or rejected -—— but to gain informa- 
tion about their frequency and use this as an index 
of the quality of the process in general, a recorded 
sampling inspection is required. A_ correlation 
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between the frequency of these minor blemishes and 
the materials and styles used provides valuable infor- 
mation to the planning and buying departments. 

This is the line of reasoning which the Research 
Association used when it advocated the idea of com- 
pressed limits and statistical quality control in the 
shoe industry some three years ago. 

The demand for higher quality, to which reference 
has been made earlier, was beginning to make itself 
felt at that time, and this appeared to be a way of 
getting better quality at little cost by helping the 
foremen and management to be better informed and 
more efficient. There was a good prospect of financing 
Process Control inspection by savings on full inspec- 
tion and repairs. The existing purely haphazard 
inspection by the foremen and management was 
inadequate as a source of information and, 
in some Cases, positively harmful as a basis for action 
because of its arbitrariness; and, insofar as 
the foremen and management checked on the con- 
dition of work in progress themselves, Process 
Control inspection, it could be argued, would 
relieve them of these routine duties and enable 
them to do other often neglected work which only 
they could do. 

As far as the operative is concerned, it is an 
accepted dictum in the shoe industry that each 
operator is responsible for getting work to the next 
operator in a good condition. One reason for emphasis- 
ing this is that in the shoe industry an operator by 
doing his job below standard does not always spoil 
the work or make special repair necessary, but simply 
creates more work for the subsequent operator. This 
can have the effect of slowing down production and 
reducing earnings and also directly affects quality. 
With the growing popularity of piece-work methods 
of payment, these traditional methods of operator 
control could not always be relied upon and quality 
and ultimate productivity as well were apt to suffer. 
A stage by stage process control inspection, by detect- 
ing any such weak links in the chain of operators, 
would have a beneficial effect on production and 
piece-work earnings. 

The process control system for shoe factories which 
S.A.T.R.A. has developed and introduced in some 40 
factories has three characteristic features, two of 
which, if not unique, are rather unusual : 

1. Firstly — and this is nothing uncommon — there 
are two ways of checking on the condition of a 
process :- 


(a) machine settings and temperatures, machine 
and tool conditions in general can be checked 
directly ; 

(b) a check on the product of a process can be used 
indirectly as evidence of the condition of the 
process. 

The S.A.T.R.A. system employs the second method 
exclusively. In the shoe industry most machines are 
powered tools controlled by operators. The operator 
is an important, if not the main variable. To check 
on tools and machines alone would not be enough. 
2. In the shoe industry the cases when the quality 
of the job depends on dimensions are exceptional. 









Differences between sizes are of course dimensional, 
and this affects components, tools, patterns and 
machine settings. In components the difference 
between size and half-size is often not more than 
1/64 in. The components have to be fitted together 
size for size and to minimise the risk of error a good 
administrative system is required to distinguish size. 
It is also necessary to check on the wear of tools and 
patterns, moulds and all the other instruments which 
determine size. But, sizes apart, as far as the bulk 
of the shoemaking operations is concerned, such as 
lasting, trimming, colouring of edges, it is more 
important that the components should blend with 
one another to create a pleasing appearance rather 
than that their dimensions should be within certain 
specified limits. 

Consequently the sampling scheme on which the 

S.A.17.R.A. Process Control method is based is, unlike 
most industrial quality control schemes, almost exclu- 
sively by attributes. The inspector is hardly ever 
called upon to measure; only in a few cases does 
he use templates or gauges. 
3. The relative rarity of measurable qualities in the 
shoe industry also means relative sparsity of job 
specifications. This is still fundamentally a craft 
industry and the operative knows what the shoe 
should look like when he has fiinished with it; he is 
told by the foreman, he knows from experience. ‘The 
job requirements can in many cases be explained 
only by means of a demonstrative definition. How do 
you define a chair? — The easiest way is to show 
one. The same applies to the qualities of roughness 
in leather prepared for the application of adhesive. 
The machine, the type of wire brush or emery paper 
and the adhesive are fully specified on the work 
ticket going round the factory with the shoes; but 
the depth of the roughing, its direction and how far 
it is carried along the edge at the heel seat is 
unspecified. 

It must also be remembered that a shoe goes 
through some 150 operations, that some 20 different 
styles may go through the factory each day, each 
style requiring more or less different treatment at 
some stage, and that most of the styles may be 
changed every six months. In such circumstances to 
try to formulate job specifications would be a very 
expensive business indeed. 

in preparing a scheme of Process Control inspec- 
tion based on the recording of process imperfections 
the absence of documented specifications, the almost 
exclusive reliance in each factory on oral tradition 
in deciding between right and wrong, posed a 
problem. The final scheme as it is used at present 
is based on definitions of process imperfection — on 
the average three such fault definitions are associated 
with each operation. The definitions are phrased in 
such a way that they apply as far as possible to 
all the styles going through the factory. This means 
that, unlike proper specifications, they are broad 
definitions of what in general is not right rather 
than specifications of what in each particular case is 
correct. When different styles require a different treat- 
ment, special rules or written instructions are given 
to qualify the general definitions. 
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After the operation of trimming of sole edges, 
for example, the examiner’s list of check points will as 
a rule include the following definitions of potential 
faults arising from that operation :- 


1. shape of sole incorrect, bumpy edges; 

2. edge trimming too close or too wide; 

3. wrong angle of trimming; 

4. edge rough or frayed. 

In this way it was found possible to provide a basis 
for a process control inspection scheme based on the 
idea of compressed limits without going the whole 
hog and expense of specifying job requirements. In 
other words, as regards specifications and the shoe 
industry, the horse was taken to the water but no 
attempt has been made to make him drink. 


process control in shoe factories 


Let me now describe briefly what the scheme 
amounts to and how it operates. 

The examiner moves round the factory floor from 
one check point to another. There may be five to ten 
check points (‘examination stations”) in a depart- 
ment, and the examiner visits each five to ten times a 
day. Work goes usually through the factory on 
trolleys in lots of 12 pairs. Each time an examiner 
visits a check point he inspects, as a rule, one or 
two batches of 12 pairs, but a smaller sample size may 
be sufficient, and in more than one factory a double 
sampling scheme is in operation. At each point 
2°/, - 3°, of production is inspected each day. 

An average factory making some 8,000 pairs a week 
and employing about 240 - 250 direct operatives will 
require about seven Process Control examiners (3°/,) 
but it is not necessary to operate the scheme in the 
whole factory. 

In general it is desirable to have an inspection 
station as close to the operation concerned as possible. 
On the other hand, if there are too many stations, 
one after each operation, the examiner spends more 
time walking between them. Hence, provided that 
a potential fault arising from an operation is not 
covered up by the next operation, it is convenient to 
group two or three operations into “ processes” with 
examination points between them. 

The examiner is provided with a short list of faults 
for each examination station. He moves from one 
station to another in a random order and each time 
he stops at a station, he refers to the appropriate 
record sheet and enters on it the number of faults of 
each type found in the sample examined. 

It should be emphasised that the standard of Process 
Control inspection is necessarily higher than the 
standard used by the final examiners in the factory. 
The Process Control “ faults” include not only those 
faults which make a shoe a reject or those that must 
be re-processed, but also and mainly minor 
imperfections. 

The reasons for this are both practical and 
statistical. 

The manufacturer is concerned about serious faults 
which cause a shoe to be rejected or which must be 
repaired, or which affect unfavourably subsequent 
operations. But he is also concerned about minor 
blemishes which do not come under any of these 
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three headings, but which to his mind affect th: 
quality features of the shoe. 

He is concerned about these minor imperfection: 
on two grounds. First, because he would rather no: 
see them on the shoes made in his factory and, 
secondly, because it is reasonable to assume that in 
many cases an increase in the frequency of the minor 
faults reflects or anticipates an increase in the 
frequency of more serious faults. 

A standard of examination higher than the factory 
standard is also required for purely statistical reasons. 
With a higher standard of inspection the accuracy of 
a given sample is improved. It is also a way of 
applying, in a field where measurements cannot be 
used to assess the condition of the process, the standard 
control chart technique of engineers. It is the com- 
pressed limits within the specification limits in 
disguise. 

There is yet another reason for choosing a higher 
standard of inspection which is best explained by a 
simple example. Suppose that you were subjected to 
an intelligence test and were expected to give 
correct answers to foolish questions quickly. It may 
happen on such occasions that you are presented 
with eight lines, three of them straight (to represent 
perfection) and five wavy lines each wavy in a 
different way (to represent various degrees of imper- 
fection). As this is an intelligence test you are asked 
to sort these lines into two groups. If the examinee in 
this test is debarred from the use of measure- 
ments and confined to purely visual inspection, 
and running short of time as well, he will 
put the three straight lines in one group 
and the five wavy lines in another, unless he is 
uncommonly deficient in sense. If, however, the 
examinee has plenty of time and is uncommonly 
ingenious, he might contrive to group the lines 
differently. He could, for instance, group the three 
straight lines together with the two least wavy lines 
on the grounds that the range of values for the radius 
of curvature in that group is, say, between 13 cm. and 
infinity and in the second group less than 13 cm. 
The analogy with Process Control in shoemaking is 
close. It is often easier, quicker and more reliable to 
distinguish between perfection and imperfection than 
between degrees of imperfection, especially when one 
is confined to visual inspection and employs examiners 
of no more than average intelligence. 

It may take some time before this “ artificially ” 
high standard of inspection is accepted in the factory. 
One may hear remarks about looking at shoes 
through a microscope and one must guard against 
the danger of going too far in this direction and 
applying an impracticably high standard. The rule 
observed when applying process control in a shoe 
factory is that there is no point in checking on a 
particular blemish if the management are not in the 
least concerned about its frequency, and have no 
intention of eliminating or reducing it even in the 
long run. 

Process Control schemes such as the one described 
in this Paper are methods of collecting information 
and the cliché that there is no point in collecting 
information if you do not know what to do with it 























is well worth repeating. Any such scheme must be 
firmly geared to decision-making procedures. 

S.A.T.R.A. Process Control scheme visualises two 
types of action :- 


1. The examiner informs the foreman, usually 
indirectly, by placing a STOP card on the 
batch of work which has an excessive number 
of faults. It is then up to the foreman to decide 
whether this is a false alarm or a symptom of 
some actual or incipient troubles, If it is the 
latter the foreman has to ascertain the cause 
of the trouble and take suitable action to 
remove it, or if he cannot do this, to refer it 
higher up. 

In deciding what is and what is not an 
excessive number of faults, the examiner is 
guided by control limits which are determined 
by taking into account both statistical and 
practical considerations. 

Given a high standard of examination a 
certain number of each of the listed type of 
faults will be found in every examiner’s batch 
say, on the average three or four in every 24 
shoes. The control limit in such a case is drawn 
by applying the usual statistical technique at, 
for example, the level of eight shoes. (If the 
distribution is far from binomial, suggesting that 
the process is out of control, no control limits 
are drawn until the cause of the irregularity is 
removed). Shoemaking is, however, a _ very 
down-to-earth industry and the foreman’s 
ability to handle faults in excess of the control 
limit is also taken into consideration. If the 
foreman is a man of leisure with plenty of time 
to spare the control limit can be tighter, say 
six; on the other hand if the factory is under- 
staffed on the supervision side there is no point 
in stopping more work than the foreman can 
cope with, and the control limit may be ten. All 
along, the object is to draw the foreman’s atten- 
tion to the least satisfactory work going through 
the factory, and what is not satisfactory must be 
considered in relation to the foreman’s and 
management’s time, ability and willingness to 
tackle the various weaknesses in the process. 
The quantity of work brought to the foreman’s 
attention may be 7%, 5% or 9% of the pro- 
duction. 


2. At the end of each day the examiner’s findings 
are summarised on graphs, quality index sheets, 
or display boards. These summaries are for the 
foreman, quality manager and the factory 
manager, and also for display in the factory. 

The function of these graphs or quality index 
sheets is to register more long-term quality 
trends, and there is nothing particularly novel 
or unusual about this aspect of the S.A.T.R.A. 
quality control scheme. 

In general great care must be taken to ensure 
that the members of the management staff 
receive each information of particular interest 
to him, and in a suitable form. If the most 
important information about quality reaches 





the factory manager or production director con- 
tinually through some other channel, the whole 
system of process control is failing to do its 
job. Once such a system ceases to be used as a 
source of information for important decisions, 
then it inevitably ceases also to command 
respect throughout the factory. The man in 
charge of such a system must therefore have 
considerable skill in interpreting the results of 
inspection and a great deal of insight into the 
whole management set-up, in order that the 
right information reaches the right person in 
the right form. 


conclusion 


A shoe, it has been suggested in this Paper, is an 
unexpectedly complicated article made of a large 
number of materials and components to each of 
which a great many, very often abstruse, quality 
criteria can be applied. The shoe factory, on the other 
hand, is still in many ways the old cobbler’s shop 
writ large with the craftsman’s ways of doing 
things lurking in every corner. The fashion element, 
too, which dominates much of the industry, favours 
a rather untidy hand-to-mouth existence full of 
uncertainties. 

In these circumstances things tend to go wrong 
with quality; perhaps not drastically but in various 
small ways most of the time. Far too much of the 
foreman’s and factory manager’s time is_ taken 
up by sorting out these little setbacks as they arise 
and up to a point the foreman and manager thrive 
on this and secretly enjoy the challenge of a difficult 
life. 

But it would be better — shoes would be cheaper— 
if more of the production staff’s time in an average 
shoe factory was devoted to planning for quality, to 
anticipating and preventing these quality setbacks 
ard less to sorting out tangled situations and patching 
up scratched shoes. 

In this respect the co-operation of the operative, 
springing from a feeling of co-responsibility, is of 
great value to the foreman and the management. For 
the sooner such weaknesses are discovered the better. 
If a system of patrol inspection strengthens this 
feeling of co-responsibility, as it seems it does, it is 
helping the shoe factory towards planning for quality, 
away from post-mortem examinations towards pre- 
ventative medicine. 

This, of course, is the primary object of Process 
Control inspection itself. By checking of work in 
progress throughout the factory, by applying the idea 
of compressed limits and by drawing attention to the 
least satisfactory quality features of current produc- 
tion, weaknesses in the process are detected at an 
early stage and the more serious weaknesses are 
attended to first. This is not actual planning for 
quality, but a long step in that direction. 

A well-equipped and efficient central research 
organisation, capable of guiding the shoemaker 
through the overwhelming maze of shoe materials 
and components, testing, analysing and assessing them 
for him and reducing in this way the frequency and 

(concluded on page 613) 
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oa an individual has accepted the task of writing 
or talking upon a subject, his audience has a right 
to hope that the results will be worthwhile or, at 
least, interesting and controversial; perhaps I should 
settle for the latter. In such circumstances, I must 
emphasise that any views expressed are entirely my 
own and do not necessarily reflect those of my 
employers; I shall be disappointed if not only you, 
but some of my colleagues, do not query them. 

I should also explain that my opinions are the 
result of experience gained in two major industries in 
various Capacities and with relatively large firms of 
at least 1,000 employees, and _ readers whose 
experience is confined to small organisations should 
remember this background context. 

Furthermore, although the artistic side of design is 
daily becoming more emphasised in those engineering 
products which are primarily intended or thought of 
as utilitarian products, my remarks will undoubtedly 
be coloured by the fact that at the present time my 
job of Quality Controller is concerned with an 
industry which comes quite close to being a fashion 
industry. 

I don’t think it will be easy to keep within the 
narrow channel the title implies, and this is probably 
due to the fact that in a direct way “design is 
quality” itself, while indirectly it affects the quality 
efforts of all the other aspects and departments of an 
industry. Design with its aesthetic and artistic back- 
ground is very much an individualistic thing, but 
quality is concerned with nothing in particular yet 
everything in general, and therefore the subject 
becomes involved. 

Recently I was fortunate enough to read a 
summing up by Mr. A. S. Heal upon the ideas 
associated with the supply of designers for the 
furniture industry, and in the same little book were 
the views of many people upon this same “ provision 
of designers ” theme for several other industries. 

There was what I would call a delightful and 
happy degree of differing opinions but, in general, 
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everybody acknowledged that the kicking off 
position was the necessity for a designer to have the 
“art background” and an ability to draw; not 
necessarily synonymous, I have found. 


the direct field 


This is the direct field where design is quality itself 
and although I have had some practical experience 
in this, I cannot pretend to possess that something 
which with a few magical strokes of the pen or pencil 
can lift an article from the humdrum to something 
excitingly new; a few have it and should cherish it. 

In this direct field my remarks will be very general 
indeed and are the result of amused or rueful reflec- 
tions upon the time and effort expended in trying to 
achieve an agreed compromise between the indivi- 
dualistic outlook of the designer, and the “let’s get 
down to how to make it” of production. 

I am sure that the designers will forgive me if I say 
that when considering this direct field one must study 
the human material first. Thus, if a designer has this 
vital something he should not only be glad of it, but 
realise the implications we can attribute to one who 
possesses it and the responsibilities attached. 

Surely it can be argued that because “art” is so 
individualistic it attracts to itself not only the true 
artist but hordes of hangers-on, who by the use of an 
over-emphatic “techneurotic”’ language try to con- 
vince themselves and others that they too possess the 
vital spark. You will not find “‘ techneurotic ” in the 
Oxford Dictionary, but it ought to be. 

Nevertheless, one must acknowledge that at the 
same time as one derides or deplores it, it is merely 
a somewhat distorted reflection of the urge for self- 
expression which is the bedrock of art and, indeed, 
of all of us in greater or less degree. One can go 
further and imagine how difficult it is for the designer 
to dissociate himself entirely from this fringe and not 
to allow some of this over-emphasis to intrude itself 
into his own outlook and expressions; no personal 
contact is entirely one way. 

Finally, we must admit that throughout the years 
the ability to talk a jargon convincingly has given 
some very surprising results to the artist in particular 
and art in general. 

I suggest, therefore, that we can reflect that we 
have a need for the designer to be artistic and 
individualistic in his outlook and yet be capable of 
realising that when he comes within the quality of 
design orbit he must be able to form one of a team; 
something, in fact, his mental build-up may make 
extremely unlikely. 

However, the fact remains that once he becomes a 
member of a large organisation even in the direct 
field, he has already turned away from the purely 
individual approach of the artist who paints purely 
to express himself and ultimately please the sole 
purchaser of the painting; industrially employed and 
working for a large firm, he has now to consider not 
one but very many customers. 

Furthermore, he can only help to convince the 
customer, because this market is composed of the 


ordinary public whose reactions will certainly not be 
based solely upon design but upon such things as 
price, strength, functionability, wearing qualities and 
availability. 


the indirect field 


We have now arrived at the position where the 
production boys are saying “let’s get started” ; 
where we start to consider the indirect field, and 
where “design aspects of quality” changes to 
“ designing for quality ”’. 

I believe it is essential for a firm’s own designing 
staff to have not only an artistic background and the 
ability to draw, but also several years’ practical 
experience of the industry and the materials which 
are naturally allied to it. 

This does not mean that the designer will not be 
athirst to have the latest technical information and 
characteristics of new and unknown materials which 
might give a fresh or changing slant to his designs. 
But he would do well to remember that the particular 
industry will have acquired a unique practical experi- 
ence of what can or cannot be achieved when using 
the familiar materials. There will be undoubtedly a 
temptation to use some of the many new and attrac- 
tive materials without a realisation that neither he 
nor his technical associates, nor indeed the trade 
labour, have the essential know-how incidental to 
their use. 

It is not to be thought that any large firms can 
progress without a constant experimental programme, 
but the wise designer will seek to achieve his aims by 
using the materials which his industry has by training, 
study or physical contact, proved to be peculiarly 
adapted to its purpose. The larger the organisation, 
the greater the attack of indigestion which can follow 
errors of impetuosity in this direction. 

The designers of a large organisation do not, of 
course, have the sole responsibility of what is finally 
carried out in design and experimentation, but they 
can and should influence decisions, and the more 
intimate their knowledge of design trends, the 
industry’s natural materials, and its manufacturing 
methods and details, the more likely are they to take 
an educated stand on what constitutes design quality. 


the balanced opinion 


I use the word “educated” because to me it 
expresses the difference between the arbitrary and 
individualistic opinion which a designer may have 
found useful when he was acting as a lone unit, and 
the balanced opinion which he should bring to the 
many queries, suggestions and alternatives which are 
the inevitable result of the impact of all the manu- 
facturing considerations which the team has to sort 
out. This balanced opinion must have its basis in the 
detailed knowledge of the items I have quoted in the 
preceding paragraph. 

In my opinion, the young designer does harm to 
himself and injustice to his associates if he allows 
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himself to be put into a situation of attempting to 
defend a position in which he can advance no other 
argument than the regrettable one of being the only 
exponent of aesthetic and artistic values; the larger 
the organisation, the more this becomes untenable. 

To those of the public who have no knowledge of 
the specific problems of the mass or quantity pro- 
ducing firms, it is unlikely that the reverse side of the 
shiny coin can be seen; to you of industry, however, 
it is certain that experience suggests that each industry 
and each size of organisation within it, is trying to 
reach the optimum and that this differs for industries 
as well as organisations. 

My definition of optimum is where a firm is giving 
the best value for money while at the same time 
obtaining maximum return for its efforts. Best value 
for money is, of course, quality, and maximum return 
is efficiency. 

It is inevitable, I suppose, that when one thinks 
casually of efficiency, the vision of a large manu- 
facturing concern springs to mind; the “ heavyweights 
bring them in”, as it were. 

The designer will speedily find that heavyweights 
have their problems, the majority concerned with the 
advantages or disadvantages of quantity and the 
inertia due to size and systems. He will find that 
heavyweights require lots of food of the same type 
and this means that the share of the market cake 
of this type must be large; this will, of course, demand 
that the large production must be allied to a certain 
price range and sometimes to an artistic or taste range 
as well; this, in turn, narrows his design range and 
scope, emphasises failures and near-misses but, con- 
versely, makes a winner into a beautiful dream come 
true for everyone. 


Given quantity of the same article, the quality of 
that article has a natural and automatic tendency to 
go up; this is one of the values of mass production 
to which it is so difficult accurately to assess and 
allocate a money value; incidentally, too, a fact to 
which many who have never earned their living 
manually find it difficult to accord adequate impor- 
tance, is an acquired second-sense akin to the 
woman’s intuition which often surprises the logical (?) 
male. 


clearing the “ bugs ” 


The automatic improvement tendency in quality 
average or consistency if quantity of the same article 
can be achieved, is a kind of rhythm content of flow. 
There is also a more positive improvement factor 
which will be more evident to the probing mind; 
because it will be agreed that if on average one has 
to work out an average number of production “bugs” 
in anv new design and each “bug” has a minus 
quantity quality content attached to its removal, 
there will always be a smaller total minus quality 
content in 10 new designs than in 100 new designs; 
and whatever this total content is, it becomes pro- 
gressively a smaller percentage of the total output as 
the quantity of articles produced in each design is 
increased. 
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I am quite sure that all production engineers will 
agree with-me in this, in spite of the best efforts of 
the planning and pre-production staff in preventing 
or clearing “ bugs ”. 

These are the kind of insidious and lurking quality 
considerations which have to be considered in large 
production and they must not be ignored, if quality 
best value for money) and efficiency (maximum 
return) are to be obtained. 

In addition, there are the thousands of small 
specific instances where alterations to dimensions, 
processes, finishes, methods, etc., will give possibilities 
of standardisation and show direct cost gains; while 
in addition, indirect cost gains result because of jig 
and tool reduction, decrease in drawings, and the 
innumerable system complexities, which are the in- 
evitable accompaniment to the control mechanism of 
any large organisation; thus, if. the quantity of the 
same article can be maintained, the total gains are 
very large. 

There is the other side of the picture, which is 
obvious to you of industrial experience or indeed 
anyone who cares to think about it; because if quality 
goes up, when quantity of articles goes up together 
with a reduction in article variation, it goes down 
when quantity goes down, together with an increase 
in article variation. 

This sort of simple arithmetical calculation or 
reasoning applied to large production’s multitudinous 
problems, has a fascination which can become to the 
big organisation something approaching that of a 
narcotic to a drug addict — figures, figures, figures. 
Recently I heard a very eminent statistician declare 
that in his opinion, industry was attempting to use far 
too many b—— figures and I am inclined to agree; 
there is a fascination in figures which becomes a 
raison d'etre in itself to more than just the mathe- 
matician and which isolates the mind from 
examination of a project by the exercise of common 
sense, wisdom and experience. 

I have wandered considerably from “ design 
aspects of quality” but designing for quality in its 
widest sense begins right at the Chairman and Board 
level and if they agree, as they will, that my 
definitions of quality and efficiency are correct, this 
wandering is permissible into any nook or cranny of 
the business. 

Design in its direct relation to quality is a unit 
only; design in its indirect sense has infinite relation 
to quality. 

No author should ever be satisfied with what he has 
written or the manner in which he has written it; I 
am no exception, thank goodness. Thus, in a final and 
slightly despairing attempt to justify my declared 
intent of being controversial enough to cause you 
mental exercise, may I suggest that the “open 
sesame” to the eternal question of how to seek 
and reach the “optimum” when designing for 
quality, is always to remain conscious : 


(a) that the dictionary definition of “ optimum ” 
tends to exclude “maximum” and “minimum” ; 
hence it is quite probable — in spite of the 





attractiveness of “maximum” — that whenever 
one leaves the “ optimum”, even unknowingly, 
in search of this attractive peak, that one has 
reached the economist’s “margin of decreasing 
return” and one should be able, if one knows 
how, to use one’s efforts and money to better 
advantage elsewhere. This is the niggling kind 
of reflection which should, however, be present 
when design aspects of quality are under 
consideration. 


(b) That perhaps the greatest single benefit which 
statistical control can bring to an organisation 
is to ensure that its staff realises that an increase 
to any number by one (1) does not increase 
the factorial product of that number by the 
percentage that one (1) is of that number, but 
does in fact produce a resulting factorial pro- 
duct which is equal to the original factorial 
product multiplied by the sum of the original 
number plus one (1)... phew!! 


— 
ig) 
~— 


That magnitude as exemplified by the size and 
effort of an organisation should follow the 


physical laws governing weight, mass, motion 
and force. 

Maybe you all will think that even in this last 
attempt I have not been so successfully controversial 
as confusing; if this is so, may I say that there is 
“gold in them thar hills” if only we can find it, and 
in all the books of adventure and gold seeking which 
{ have read it is customary to complicate the search 
by including clues which require a degree of mental 
agility to solve; even a touch of light relief is 
permitted. 

Wishing, however, to end on a note in keeping 
with the general aims of this Conference, I am going 
to suggest that “quality” is a word used too carelessly 
and in many cases as if it describes a constant and 
unalterable estate or condition; “ British quality ” is 
spoken as if it describes this constant state plus the 
fact that we have made it. These words take on a 
different and truer meaning if they become 
respectively :- 

“Best value for the money” ; 
“Best British value for the money” ; 


and the implications are many. 








“QUALITY CONTROL IN FOOTWEAR MANUFACTURE ” 


(concluded from page 609) 


seriousness of quality setbacks in bulk production, 
is perhaps the field in which planning for quality 
is most advanced in the shoe industry. 


As regards machinery, there is little scope for 
planning for quality and for testing and inspection 
equipment or elaborate built-in control devices in an 
industry in which a change from product to product 
does not call for fundamental re-tooling, and in which 


the operator is a more variable factor than the 
machine. In fact, planning for quality in the shoe 
industry means primarily planning and developing 
operator skills, and, in this respect, the training 
schools for machinists developed and propagated by 
the Research Association must be included in this 
summary of the ways in which the footwear industry 
has been progressing towards more planning and 
fewer complaints in the field of quality. 











“QUALITY IN INDUSTRY” 


A full report of the Buxton Conference, including the opening 
and closing addresses and the discussions following each Paper, 
is in course of preparation and will shortly be available from : 


THE PUBLICATIONS DEPARTMENT, 
THE INSTITUTION OF PRODUCTION ENGINEERS, 
10 CHESTERFIELD STREET, MAYFAIR, LONDON, W.1. 
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SPARKING PLUG 


PLASTIC MOULDING OF 


INSULATORS 


A Thesis by O. W. DOKK-OLSEN, A.M.I.Prod.€. 


Senior Methods Engineer, 
English Electric Aviation Ltd., 
Guided Weapons Division. 


Mr. Dokk-Olsen was educated at Walthamstow 
Technical College, and after spending several years 
as machinist, fitter and draughtsman, joined A.C. 
Sphinx Sparking Plug Company Ltd., (now A.C. 
Delco, Division of General Motors) in 1939, as 
special purpose machine designer. 

He was subsequently appointed Technical Assistant 
to the Planning Manager, and Production Engineer, 
and during this period visited General Motors plants 
in Germany, France and the U.S.A., to study manu- 
facturing techniques. 

From 1954 to 1958 he was with Hayward Tyler & 
Company Ltd., first as Chief Methods Engineer and 
later as Planning Manager. It was during his time at 
A.C. Sphinx Sparking Plug Co. Ltd., that Mr. 
Dokk-Olsen designed, in collaboration with the late 
Mr. D. H. Corbin, Works Director, the machine 
described in this Thesis. 








i ge earliest sparking plugs were probably made 
from laminated mica, but ceramic insulators were 
certainly tried out in the very early types of internal 
combustion engines. These early types were made 
from the conventional ceramic, or pottery ware, 
which was available at that time, and were fired at a 
temperature of approximately 1,200°C. 

It soon became apparent that ordinary pottery was 
unsuitable for the strenuous service which the 
insulator had to withstand, and in the early 1930's 
at least two sparking plug manufacturers were pro- 
ducing insulators containing a high proportion of 
silliminite. One of these companies manufactured 
insulators containing approximately 60°/, of natural 
silliminite; and the other company, the same propor- 
tion of synthetic material. 

About this time the first commercial high alumina 
insulators were being produced in Germany, and by 
1936 a German company was mass-producing pure 
alumina insulators fired at a temperature of 1,700°C. 
These were prepared from commercial alumina (as 
used for the production of aluminium metal) which 
was ground in a steel ball mill and subsequently 
washed with hydrochloric acid to remove any ferrous 
inclusions due to the milling. 




















The material was then cast in plaster moulds, and 
the castings turned to shape with alumina turning 
tools. 


The development of the modern sparking plug 
insulator can definitely be said to have originated 
from this early type of sintered alumina, known as 
Sinterkorund, for although the methods of fabrication 
have been changed, the process of sintering the 
alumina particles at a temperature of 1,600°C, or 
higher, is common to all. 


In 1936, an important American company intro- 
duced a new method of fabrication. Instead of casting 
the ground alumina from a liquid suspension, the 
alumina, finely ground, was mixed with a 13% 
bakelite resin, and pressed into shape by hydraulic 
presses having heated dies. By holding the pressure 
for about three minutes, the bakelite was cured, and 
the moulding, consisting of finely divided alumina, 
honded with cured bakelite, retained its shape, and 
was ready for firing. 


The technique of bakelite bonding went through 
two definite stages : 


1. As developed in the U.S.A., the pressings were 
made in conventional bakelite moulding presses. 
One disadvantage of this method was the fact 
that the heated mass had very poor flow 
characteristics. To overcome this problem, it 
was found necessary to preform the material 
into a series of small pellets of varying hardness 
and size to minimise extreme differences of 
pressure in the finished mouldings. 


The process of preforming was expensive, and 
introduced contamination into the material due 
to the wear on the preform dies. 


To overcome these problems, presses were 
designed with two additional platens, one above 
and one below the platens of conventional 
moulding presses. 


These auxiliary platens were buffered from 
the main platens by hydraulic cylinders, which 
were allowed to discharge at a predetermined 
pressure during the closing stroke of the press. 
This caused a small differential movement 
which was used to operate ejector rods passing 
through the main platens, and resting on the 
buffered ones. By this means the low pressure 
areas of the moulding were consolidated, 
eliminating the use of preformed pellets. 


nN 


As developed in England, the mass production 
of bakelite bonded alumina was made possible 
by the introduction of a fully automatic rotary 
press, consisting of 24 single cavity units 
mounted on an indexing rotating cylinder. Each 
unit has a self-contained hydraulic system, 
actuated by pneumatic pressure. Granulated 
material is automatically weighed and fed 
directly into the dies at the first station, the 
moulded insulator being ejected at the last 
station. 





NOSE 





CORE (WITH 
COARSE THREAD) 





BUTT 








Fig. 1. Section of moulded sparking plug insulator. The nose 
of the insulator is formed by the upper die, and the butt by 
the lower die. 


disadvantages of the early method 
In the process of sintering, the soft built-up in- 
sulator shrinks by approximately one-fifth of its size. 


Therefore, to ensure uniform shrinkage, the com- 


pound has to be subjected to even pressure in order to 
obtain constant density. 

The hand process of selecting various graded sizes 
of pellets, careful weighing to eliminate variations in 
length, and building up insulators one by one, was 
extremely slow. 

The important factors involved in satisfactory 
moulding are :- 


1. Compression to be effected in stages, i.e. : 
pre-cure stage; 
cure stage; 
post-cure stage. 


2. Time cycle for the compression stages. 

In the early stages of production, these pressures 
were regulated by the operator, and the operating 
times were read off a “seconds” watch. 


conception of an automatic insulator moulding 
press 

The conception of the moulding press was to make 
a machine having a number of die members operated 
by fluid pressure and movable through a moulding 
cycle, during which the members would be 
successively charged, closed, compressed, opened, and 
the moulded insulator ejected. 

A machine of this nature was designed (the writer 
being a co-patentee) and made. 

Briefly then the problem was to increase produc- 
tivity and to decrease the scrap rate due to :- 
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Fig. 2. Schematic drawing of the pneumatic and hydraulic system. 


(a) inaccurate weighing of material: 
b) incorrect pressures; 
(c) inaccurate timing. 


The first step in this direction was to design and 
manufacture a valve box mechanically operated, 
opening and closing valves at predetermined times. 

This valve box proved successful. However, it was 
still necessary for the pellets to be made (by a 
pelletting machine), weighed, threaded on a core pin, 
inserted in the mould and removed after moulding. 


Logically, the next step was to design a machine as 
nearly automatic as possible. 
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general description of the automatic moulding 
press 


The dies, 24 in number, are operated by upper and 
lower, combined pneumatically and hydraulically 
operated pistons. These pistons are circumferentially 
arranged around the axis of the machine and indexed 
intermittently. 

As the rotation is effected, fluid pressure is auto- 
matically and sequentially admitted to the cylinders 
containing the pistons, by a master valve. This valve 
governs the closing, compression and opening of the 
dies, which takes place successively during the cycle. 

The cycle begins with automatic delivery of a 
measured quantity of aluminium oxide and bakelite 














mixture into the die, and terminates with the ejection 
of the moulded insulator and its removal by a 
reciprocating gripper mechanism. 

The piston and cylinder assemblies are so designed 
that any one can be manually controlled or rendered 
ineffective by the operation of a cut-out valve, and 
manipulation of control pegs. 


detail 
The moulding press consists of a fixed base plate 


A B C 




















to which is attached a vertical centre column and 
shaft. Mounted on this column and shaft is the 
rotatable cylinder carrying assembly, which is made 
up as follows :- 


(a) a lower drum carrying a ring bevel gear, which 
is part of the rotating mechanism; 

(b) four spoked rings vertically spaced by aper- 
tured cylinders, and a top plate. 








Fig. 3. Position of dies throughout an 
operative cycle: 


Filling position. 

Pre-cure position (low pressure). 
Cure position (high pressure). 
Post-cure position (low pressure) 
Pressure release position. 

Ejection position (showing gripper). 
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Float. 

Low pressure cylinder 
High pressure cylinder. 
Upper die. 

Feed tube. 

Lower die. 

Ejector stem. 
Compensating cylinder. 
. Ejector cylinder. 

. Air feed cylinder. 

- Gripper. 
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The whole assembly is held together by 12 circum- 
ferentially-spaced tie rods, and its weight carried by a 
thrust bearing located under the top spoked ring. 
The bearings are all lubricated by means of a 
branched oil pressure line. 

Spaced circumferentially around the rings are 24 
piston and cylinder assemblies. Each assembly is made 
up as follows : 

Between the top plate and the next lower ring 
is a cylinder containing a piston and piston rod 
which passes through an aperture in a guide ring, 
and is adapted to pass downwards through a sealing 
ring in which there is a by-pass which is normally 
closed. 

Slidable on the piston rod, within the top of the 

cylinder, is a float of wood which prevents the oil in 

the cylinder splashing and entering the air lines 
during the upsurging of the oil. 

The aperture in the sealing ring normally connects 

the upper cylinder with a lower cylinder which is 

carried by and between the spoked rings second and 
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Fig. 4. Rotary moulding press. 


third from the top of the machine. Slidable in this 
lower cylinder is another piston which carries, at its 
lower end, the upper die-head. 

Co-axial with each of the cylinders, and carried by 
the spoked ring third from the top of the machine, 
is a lower die member which is surrounded by a 
thermostatically-controlled heater coil, and within 
which is a core-pin. The core-pin, which has a screw- 
threaded portion at the lower end, is fixed to the 
ejector stem, which has a central hole throughout 
its length, terminating in small side passages at its 
upper end. Air forced in at the lower end will pass 
out of the passages against the walls of the die 
member when the ejector stem is in the raised 
position. 

The stem is fixed to a sleeve which normally rests 
on the upper surface of a plunger, movable in an 
upward direction against a strong spring in a com- 
pensating cylinder located in the bottom spoked ring. 

This upward movement is effected by fluid pressure 
admitted below the plunger, whilst the reverse down- 




































ward movement by the spring is limited by a stop 
piece fixed on the top of the plunger and contacting 
the face of the cylinder. 

At the base of the machine and at the same radial 
distance from the centre as the cylinders and pistons, 
is an ejector cylinder which is co-axial with each of 
the cylinder assemblies in turn when the machine is 
indexed during operation (see Fig. 7). 

Within the ejector cylinder is a piston carrying a 
hollow rod whose upper end is adapted to contact 
with, and push upwards, the hollow ejector stem of 
each cylinder assembly in turn. The piston also carries 
a lower tube which is movable freely in an air-feed 
cylinder. Air admitted into this cylinder will pass 
from the cylinder, up the tube and rod, and the 
ejector stem, escaping to atmosphere through the 
branch passages located within the lower die member, 
thus blowing out any residue particles. 

The ejector piston, together with the rod and tube, 
is movable by fluid pressure : upwardly, by hydraulic 
pressure; and, downwardly, by pneumatic pressure. 

The pistons in the upper cylinders are operated by 
combined pneumatic and hydraulic pressure as 
follows : 

The upper cylinder is normally filled with oil up 
to the level shown by Fig. 3A, No. 1. 

The oil also fills the aperture in the sealing ring and 
the cup top of the lower piston, and as a pipe line 
connects the upper part of the lower cylinder to the 
compensating cylinder, the latter is also filled with oil. 
This is shown in Fig. 2. 

Above the top piston is an air pipe, and below it, 
just above the level of the float, a second air pipe is 
set into the wall of the cylinder. A third air pipe is 
fitted to the wall of the lower cylinder, below the 
lowest level of the piston. 


Fig. 5. Rotary and cut-off valves. 





Each of these pipes is connected to the master 
valve, which is controlled by the rotation of the whole 
assembly. 

In the event of a leakage, broken die, or any other 
emergency, a complete cylinder assembly can be put 
out of action by means of a cut-out valve (see Figs. 
2 and 5). 

During normal operation, the whole assembly is 
intermittently rotated through the ring bevel gear 
by means of a drive mechanism (see Fig. 6). 

An electric motor drives, by means of a belt, a 
horizontal shaft carrying a worm which engages a 
wormwheel on a vertical shaft. At the upper end of 
this shaft is a second worm engaging a wormwheel 
on another horizontal shaft which carries the first 
wheel of a Geneva motion. The second wheel of the 
Geneva motion is on a shaft carrying a bevel pinion 
which meshes with the ring bevel gear fixed to the 
lower drum. It is by this mechanism that the 
assembly is indexed. 

The indexing time takes 2 seconds, and the dwell 
is 6 seconds. As there are 24 sets of dies, it takes 192 
seconds to complete a cycle. The loading of the die, 
and also the removal of the moulded insulator, must 
be performed in less than 6 seconds. 

At the end of each cycle, the moulded insulator is 
ejected and removed during the last dwell period. 
This is effected by means of two sets of four cams (see 
Fig. 6). These cams control the air pressure for the 
ejector mechanism (Figs. 2 and 7), and the gripper 
carriage cylinder and gripper (Fig. 8). 

The gripper and unscrewing mechanism is located 
at the station following the one where the dies are 
opened, and before the one where the dies are 
charged. 
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Fig. 6. Main Drive. 


This mechanism is mounted on a base-plate and 
consists of a carriage, moved by a piston in a cylinder. 
The carriage is moved towards the die by air pressure 
and returned by spring pressure. 

Two arms are pivoted on the carriage and carry, 
at their front end, a gripper head which is rotated by 
means of a F.H.P. motor and flexible shaft. 

Air introduced into the gripper head collapses a 
rubber bag which grips the ejected insulator, and 
unscrews the insulator from the core-pin. The 
carriage is then retracted, the air pressure released, 
and the insulator allowed to fall into a chute. 

The automatic weighing machine* (Fig. 9), 
delivers automatically and successively the requisite 
amount of powdered material. The material is con- 
tained in two hoppers, one hopper containing fine 
powder and the other coarse powder. 





* The weighing machine was a purchased item, the only 
mechanism not designed by the writer. 
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The coarse powder is measured by volume and the 
fine powder added to make up the final weight. The 
measured quantities are poured down a funnel, the 
lower end of which terminates just above the lower 
die. 

As the assembly is indexed a peg contacts and 
closes a switch, allowing the delivery of the powder. 
If any peg is omitted, no delivery will take place. 


method of operation 

The operational cycle can be best understood by 
referring to Fig. 2. 

To start the machine the main switch is closed. to 
permit the current, stepped down in voltage by a 
transformer, to pass to the thermostatically controlled 
heater coils surrounding the lower dies. 

When all the coils are at the proper temperature 
of 150°C, as shown by indicator lamps, the main 
switch for the powder filling mechanism is closed so 
that the circuit is prepared for the closure of the 
contact switch which is operated by pegs in the 
spoked ring. 
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The control switch for the unscrewing mechanism 
motor is then closed. 

The air supply is turned on and regulated to give 
a cure pressure of approximately 12 tons per sq. in. 
This automatically gives pre-cure and _post-cure 
pressures of approximately 1 ton per sq. in. and 
then the switch is closed for the main drive motor, 
and the machine starts. A safety device prevents the 
closing of the switch until the air is turned on. 
Should the air supply fail at any time during the 
running of the machine, the current to the motor 
drive will be cut off. 

The main drive indexes the whole assembly, and 
continuously rotates the cam shaft which operates 
the control valves. 

The cycle commences at the loading station. At 
this station the dies are open, the pistons in the upper 
and lower cylinders being in their uppermost 
positions, and the ejector piston at its lowest position. 

The peg on the lower ring makes contact with the 
switch controlling the automatic weighing mechanism, 
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Fig. 7. Ejector cylinder. 





which then delivers a measured amount of powder, 
through a funnel, into the lower die cavity (see 
Fig. 9). 

After a stationary period of 6 seconds, the Geneva 
mechanism indexes the assembly one-twenty-fourth of 
a revolution, to the next station. 

During rotation to this station the master valve 
permits air pressure to enter the upper cylinder, 
below the piston and above the oil float, so as to 
drive the mass of oil and the piston in the lower 
cylinder downwards (as shown in Fig. 3B), moving 
the die-head downward and forcing it into the lower 
die. This causes some of the material to flow up into 
the cavity of the upper die. 

With the dies in this position under a pre-cure 
pressure, the assembly is indexed round to the next 
station. During the rotation, the air pressure to the 
oil is cut off and exhausted, and air pressure intro- 
duced to the upper cylinder, above the piston. This 
pressure moves the piston down to close off the lower 
cylinder at the sealing ring. The total pressure on the 
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Fig. 8. Gripper carriage. 


area of the upper piston is concentrated on the 
smaller area of the rod within the lower oil cylinder, 
and the intensified pressure transmitted to the top of 
the piston in the lower cylinder. This pressure is also 
transmitted through the pipe which communicates 
with the under-side of the piston in the compensating 
cylinder, to which initial pressure was transmitted 
at the previous station. 

This pressure causes the compensating piston to 
rise against a compression spring. 

In this position the full cure pressure is applied to 
the material between the dies, and the dies indexed 
from station to station up to the eighteenth of the 
24 stations. 

During the time these dies are indexed round from 
| station to station, later sets of dies are passing through 
| the filling, pre-cure, and cure stations, being filled, 
| 
| 


compressed and super compressed in a_ similar 
manner. 

After leaving the eighteenth station the cure 
pressure is relieved and air pressure transmitted to 
the upper cylinder, below the piston, raising the 
piston from the position shown in Fig. 3C to 
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Fig. 3D. At this position the die is in the post-cure 
stage, and continues in the post-cure stage until it 
approaches the twenty-first station. 

At the twenty-first station air pressure is trans- 
mitted to the lower cylinder below the piston, and the 
post-cure pressure exhausted. This causes the piston 
with the die-head to rise to the position shown in 
Fig. 3E. 

At the twenty-second station the upper die travels 
to its uppermost position (Fig. 3F). 

The next movement from the twenty-third to the 
twenty-fourth station continues with the gripper 
mechanism operating as follows : 

Soon after the start of the indexing movement, 
the cam on the camshaft operates a valve to admit 
pressure in the cylinder, behind the piston, to move 
the gripper carriage forward to the die, so as to bring 
the gripper head directly above the lower die (Fig. 3F). 

The gripper and rubber bag are then in a position 
to receive the moulded insulator as it is forced up by 
the ejector. Fig. 8 shows the carriage forcibly 
held back, with the insulator ejected. This is 
not its normal position, but shows the safety device 



































fitted to stop the machine should the insulator remain 
on the core-pin, or the core-pin fail to return into 
the lower die. In either case, without such a device, 
the feeding funnel would be damaged during the 
next indexing motion.) 

The ejection of the insulator is effected by air 
pressure in the oil reservoir (Fig. 2), forcing oil into 
the bottom of the ejector cylinder. 

At the same time air is transmitted to the air 
vessel (Fig. 2), from which it passes through the 
hollow bore of the piston rod. 

When the top of the hollow piston rod contacts the 
lower end of the ejector stem, the air passes through 
the hollow bore of the stem also. 

Continued movement of the ejector piston forces 
the stem upwards, and with it the core-pin carrying 
the moulded insulator. 

The air in the hollow stem passes out through side 
passages to clear the lower die of any extraneous 
powder. 

Soon after the insulator is positioned within the 
gripper, air is admitted to the rubber bag which 
expands and grips the insulator. As the gripper is 
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Fig. 9. Automatic weighing machine. 





continuously rotating, it unscrews the insulator from 
the core-pin, and the gripper head rises. 

Pressure to the ejector cylinder is then released, 
and the piston, stem and core-pin returned to their 
lowermost positions. When clear of the gripper head, 
the air pressure to the cylinder is exhausted, causing 
the gripper carriage to retract under spring pressure. 

When the mechanism is retracted, the cam operated 
air valve closes the supply of air to the rubber bag 
of the gripper, and the air is exhausted. This relieves 
the pressure on the insulator which thereupon falls 
into a delivery chute. 

All the above ejector and unscrewing operations 
take place during the dwell at the twenty-fourth 
station. From that point on the cycle the operations 
for the dies repeat as above described. 

The machine described has been in constant use 
day and night for some 14 years, and has to date 
produced more than 34 million insulators. Scrap 
rate has been substantially reduced by virtue of auto- 
matic accurate weighing, timing and pressures. 


(The photographs used to illustrate this Thesis are by 
courtesy of the A.C. Delco Division of General Motors Ltd.) 
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PRODUCTION MANAGEMENT IN THE 


AGRICULTURAL IMPLEMENT INDUSTRY 


A Thesis by D. |. MacDONELL, A.M.1.Prod.E. 


General Factory Manager, Massey-Ferguson Ltd., Manchester. 


Mr. MacDonell was born in Nairn and educated in 
Scotland, Canada, U.S.A. and England. He served 
a toolmaker apprenticeship with Vickers-Armstrongs 
Ltd., Weybridge. 

After serving with the Royal Air Force from 1941- 
1946, as Navigator/Flight Lieutenant, he returned to 
Vickers-Armstrongs for 18 months as Planning 
Engineer. In 1947, he joined Massey-Harris in 
Toronto on a student’s course, which covered plan- 
ning, tool design, inspection and production shop 
experience. 

Mr. MacDonell returned to the U.K. in 1951 to 
become Tool Engineer 
with Massey-Harris in 
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nock. He was subse- 
quently appointed 
Mechanical Superinten- 
dent, Manchester (1953); 
Works Manager, Massey- 
Harris-Ferguson, Man- 
chester (1954); and 
General Factory Man- 
ager, Massey-Ferguson, 
Manchester (1959). 





F eesragge cs er Sine implements are the production 
tools of the farmer. They can be generally des- 
cribed as anything of a mechanical nature used to 
prepare soil, sow seed or reap crops, and range from 
the simplest plough to the modern self-propelled 
combine harvester. 

Implement design has made steady progress over 
the last century, but during the past 30 years the 
rate of progress has been tremendous. The post-War 


years represent the most concentrated development 


period in the history of the industry. 


Britain’s leading position 

Mechanised agricultural equipment has reached all 
corners of the earth, from the desert lands of the 
Middle East to the ice-caps of Antarctica. Northern 
Europe, North America and Australia are the chief 
users of implements but Britain, with 545 people per 
square mile, is in the leading position with one tractor 
per 50 acres of arable land. 

Britain’s position is due largely to economic 
necessity following participation in two major wars in 
less than 40 years, and the fact that a steady move- 
ment of manpower from the farm to the town has 
been taking place over a similar period. 


competition — the industry’s lifeblood 

A visit to any agricultural exhibition, particularly 
one like the yearly Smithfield Show at Earl’s Court 
in London, will serve to indicate how highly com- 
petitive the industry is. Apart from performance, 
price and delivery date, the farmer of today looks for 
styling, and even colour plays an_ increasingly 
prominent part in his selection of an implement. 
Within the large number of companies engaged in the 
manufacture of agricultural equipment, these features 
foster and maintain a highly competitive spirit. 

The opening of export markets has, of course, made 
many companies within this country expand their 
productive capacity to meet the demand. 
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seasonal problems 


Markets exist in both Northern and Southern 
Hemispheres, but by far the greater percentage of 
implements is used north of the Equator. 

This fact makes seasonal production a constant 
problem and one not easily overcome. No farmer 
really wishes to take delivery of a mower in Decem- 
ber, nor does he think of purchasing a plough or a 
harrow in June. As it is expensive to carry high 
inventories of implements out of season, the manu- 
facturers and dealers are similarly reluctant to hold 
finished implements for very long. 

Seasonal production must, therefore, be faced and 
if a company does not have a range of equipment 
which can be used in other seasons, either production 
is unbalanced or high inventories are carried. 

Rapid expansion has been the lot of the industry 
since the Second World War. Since 1939 the manu- 
facture of power farming equipment in Great Britain 
has increased from £3,000,000 per year to 
£170,000,000 in 1957. During the same period 
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exports have risen from £1,500,000 per year, to over 
£ 100,000,000. 

In a factory with which the writer is closely 
associated, 75,000 units of 35 varieties were produced 
in 1957 against 8,000 units of 9 varieties in 1952, and 
further expansion is underway. (Fig. 1.) 


production and management 


All of the foregoing has been intended briefly to 
sketch in the background of the agricultural imple- 
ment industry, its position today and the problems 
which will confront it in the future. 

Without having the economist’s ability to forecast 
the future of industry in general, it is difficult to be 
able to state where the industry is going or where it 
will be in even one year’s time. Economists who may 
say today, with many supporting facts and figures, 
that there is a lean time coming may be equally 
anxious to state in 12 months time, that the trend 
is really upward instead. In any event, no enterprise 
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ever succeeded by operating on a basis of continued 
retrenchment. 


The agricultural implement industry is, however, 
so closely linked with farming that it is, in fact, a 
part of that fundamental industry. As the essence of 
sound economics in this country is to be as self- 
supporting as it is possible to be as far as foodstuffs 
are concerned, then the accent will continue to be 
on expansion in the implement industry. 
















the need for expanding organisation 


One of the problems confronting anyone opening 
a business or a branch is just how comprehensive to 
make the organisation of it. People, particularly non- 
producers, cost money, and whilst it may be beneficial 
to have a surfeit of divisional heads, departmental 
managers and the like to cater for rapid expansion, 
the envisaged success might take time and cost a 
great deal. A firm opening a branch has naturally a 
considerable lead over a new business. The experi- 
enced personnel are generally available, as is the 
wherewithal to stand a possible loss for the organi- 
sational period. The new firm must build within its 
economic limits to a far greater extent. 








Whatever the case, it is essential that the organisa- 
tion is expandable and able to cater for changing 
conditions. It must be built firmly and it must be 
evident to anyone concerned exactly where his 
responsibilities begin and end. 


The organisational development of a company is 
generally a good reflection of its economic develop- 
ment. A company which has expanded financially will 
invariably have shown signs during its earlier history 
of having provided for organisational expansion. 


In short, organisation is the foundation upon which 
the entire management structure is built and just as 
additional foundations have to be laid when a build- 
ing is to be extended so, too, does the organisational 
foundation have to be extended at times. 


A 

Organisation charts of the factory with which the 
writer is closely associated show how, in 1945, when 
manufacturing commenced, the responsibilities were 
determined and what it is today. Further develop- 
ment is planned should production be increased 
at an even greater rate than before. In addition, 
one chart shows how the factory relates to the entire 
British company. (Figs. 2, 3, 4.) 
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Fig. 2. Organisation Chart, Manchester, 1945. 
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Fig. 3. Organisation Chart, Manchester, 1958. 
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Fig. 4. Organisation Chart, 1958, U.K., showing relationship 
with manufacturing to Managing Director and other Divisions. 


production planning 


This aspect of any manufacturing concern is of 
very considerable importance. Whether a factory is 
producing a few components in great quantities, or 
a large variety of products in varying quantities, the 
planning of production schedules must be carried out 
in such a way that delivery dates are met and the 
best possible use is made of machines, of men and of 
materials. 

The agricultural implement industry has in this 
regard certain peculiarities. The expansion of the 
industry has been dwelt upon, and in itself is a para- 
mount problem, but the large variety of implements 
and the parts that go into them, together with the 
seasonal aspects of manufacture, would in themselves 
be sufficient reason to have a well-defined production 
planning and control. 

In commencing operations on a small scale in 1946, 
a staff of 12 men operated the production planning 
and material control systems in Manchester. Most of 
the recording of materials ordered, delivered and 
issued, and of parts scheduled, in work and com- 
pleted, was done in ledger form and although this 
had very definite limitations, it sufficed. Quantities 
were relatively small and the variety was not great. 

A system to cater for expansion became evident in 
1949 for, as well as considerably increased produc- 
tion in Manchester, assembly operations began in 
Kilmarnock. It was recognised by the company that 
the increased quantities and greater variety would 
require better record keeping, without which produc- 
tion planning could not be carried out. 

Accordingly, in both factories a card index system 
of recording deliveries, operations and completions, 
deficiencies and scrappage was set up. This was 
arranged in part number order by implement, and 
covered purchased items as well as manufactured 


parts. Coloured celluloid signals on each card 
indicated progress—or the lack of it—and all 
relevant information; inwards reports, inspection 
reports, interdepartmental shipping notes, from the 
factories’ various departments were funnelled through 
these sections. This type of recording has worked well, 
as a yearly physical inventory of all parts and 
assemblies has proved on several occasions. 

With this basic firmly established, refinements to a 
rather hit and miss loading system were gradually 
introduced and, though the present machine loading 
has its faults, shop efficiency has reached a higher 
level than ever before. 

A loading time per part was established after con- 
siderable experiment and has as its basis the allowed 
time for producing the part; this allowed time being 
the time given by time study engineers to reward 
the operator on piecework at the rate of 100% over 
his base rate. A formula was developed, taking into 
account absenteeism, machine breakdown, tooling 
troubles, setting time, etc., and applied to the allowed 
time to obtain the loading figure. By. simply multi- 
plying this by the number of parts required on the 
machine tool concerned, a fairly accurate loading was 
established. 

The simple formula for an annual machine loading 
is therefore :- 


Allowed Time 7 
———_———_ X — X No. of parts per annum. 
5 


2 
Example: An operator is allowed 60 minutes 
a part which is required at the rate 
of 20,000 per year. 
oe 7 20000 
— X — KX —— = 14,000 hours/annum. 
Ss 60 
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The 7/5 figure represents an efficiency figure of 
71.5% which has been developed over annual 
machine utilisation figures. 

The best recording system and the finest loading 
system available are of little enough use if materials 
cannot be available on time. Lead times have, there- 
fore, to be established and approved, for in the imple- 
ment industry it is not only the manufacturer with 
the better quality who gets the lion’s share of the 
business, but also the one who produces at the best 
possible time for selling. It has been stated earlier that 
the seasonal aspects of the business and the reluctance 
to carry heavy inventories make planning difficult. 
Factories are quite often faced with a very short 
period in which to receive and process material and 
to finish a new implement. 

From the receipt of a sales order, an intense effort 
is made to break it down into its many elements and 
then to order the material. If the promised delivery 
of this is satisfactory, production schedules, by part 
and by operation, are drawn up and circulated to 


























shop foremen and progress men in order that parts 
can be gathered together, inspected and stored until 
the commencement of the assembly period (Fig. 5). 

A batch production system is in operation in the 
Manchester factory of the writer’s company. This is 
coupled with a preprinted card system and should fill 
the immediate need and those of the next few years. 
But it is certain that in the not-too-distant future a 
mechanical system of the punched card type will be 
introduced throughout the manufacturing units in 
Britain, and the present preprinted card system is 
being revised in the interim to be readily expandable 
to punched cards later. 

Ultimately, of course, there is reason to believe that 
electronic computing of production schedules, of 
machine loading, of material quantities, etc., will be 
introduced, but there are many refinements to be 
made before such a step can be taken. 

The photographs (Figs. 6, 7 and 8) of assembly 
lines at the Manchester and Kilmarnock factories will 
illustrate batch, semi-mass and full-mass production. 



































SPECIMEN FACTORY PRODUCTION PROGRAMME M.6 
Sales Requirements —BOLD 
Production Scheduling —LIGHT 
Machine Days | 21 18 19 20 25 18 24 20 20 10 20 25 =| 240 
Code M.O. Ref. D Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Total 
205 174 150 176 | 220 167 | 211 176 176 88 167 | 220 
K.101-7 756 :713/713 12 | Qty. | 220 180 170 180 180 150} 230 170 180 90 160 | 220 
805 :500/1213 3-4 205 | 379) 529) 705; 925 | 1092 | 1303 | 1479 | 1655 | 1743 | 1910 | 2130 | 2130 Fi 
821 :917/2130 6 ’Cum| 220| 400] 570] 750| 930] 1080 | 1310 | 1480 | 1660 | 1750 | 1910 | 2130 | 2130 
20 14 20 25 26 13 23 16 14 14 15 15 
T.202-7 730:30/30 1:2 | Qty. 50 — 30 — — 40 30 30 20 —— 30 — 
774:200/230 3-6 20 34 54 79 105 118 141 157 171 185 | 200; 215) 215 
‘Cum 50 50 80 80 80 120 150 180 | 200} 200/ 230; 230); 230 
39 | 290; 220; 278 156 156 39 _— — 
K.303-7 691 :6/6 1:2 | Qty. 40 100} 280; 210! 280 170 140 30 —_ —_ 


760:750/756 
794:494/1250 


3-4 





‘Cum 


549 
630 


827 
910 


983 
1080 


1139 
1220 


1178 
1250 


1250 


1250 


1178 
1250 





A.135-6 


759 7617/7617 


1-2 


Qty. 


2100 


1900 


900 


1600 


1300 


1300 


700 


1300 


1600 












































806 :5000/ 12617 3-5 1470 | 2810 | 4529 | 6530 | 8256 | 9500 |10843 |11807 |13039 |14260 |15585 |16865 |16865 
822:4483/17100 6 ‘Cum | 2100 | 3900 | 5800 | 7100 | 8400 | 9300 |10900 |12200 {13500 |14200 |15500 |17100 |17100 
10 90 | 100) 100 
M.406-7 690 :300/300 1-2 | Qty. 150} 150 
3-6 10 | 100 | 200; 300; 300; 300; 300; 300; 300; 300 
‘Cum 150} 300] 300} 300; 300/ 300; 300); 300 
440 | 460) 476; 220; 203) I55 47 4l 100 | 160; 375); 431 
$.512-6 668 :899 /899 12 | Qty. | 560] 480) 380] 230; 110} 100; 100); 100 — | 200] 150] 360; 450 
796 :1500/2399 3-5 440 | 900 | 1376 | 1596 | 1799 | 1954 | 2001 | 2042 | 2142 | 2302 | 2677 | 3108 | 3108 
826 :721/3120 6 ‘Cum| 560 | 1040 | 1420 | 1650 | 1760 | 1960 | 1960 | 1960 | 2160 | 2310 | 2670 | 3120 | 3120 
10 | 517 | 390) 609 | 498; 132 47 8 
B.613-7 675 :40/40 12 | Qty. 100 | 380} 480} 400] 600/ 320 —+ — = 
775:1250/1290 3-4 10 | 527 | 917 | 1526 | 2024 | 2156 | 2203 | 2211 | 2219 | 2219 | 2219 
813 :990/2280 5 ‘Cum 100 | 480] 960 | 1360 | 1960 | 2280 | 2280 | 2280 | 2280 | 2280 | 2280 
50 40 57 | 430| 439 77 4 4 88 
H.214-6 780: 1100/1100 12 | Qty. 140; 150} 260] 350] 120 80 _ 100 
828:200/1300 35 50 90 | 147 | 577 | 1016 | 1093 | 1097 | 1101 tl 4 1163 | 1251 | 1251 
‘Cum 140 | 290] 550] 900} 1020 | 1100 | 1100 1100 | 1200 | 1300 | 1300 









































Fig. 6. (Left) 
Grain and fertiliser drill assembly line. 





Fig. 7. (Right) Combine harvester assembly line. 











(Left) Tractor assembly line. 








processes and tooling 
the mechanical department 

The Mechanical Department is responsible for 
ensuring that all aids to production are available at 
the right time. The Chart (Fig. 9) shows the organi- 
sation of the Mechanical Department within the 
Manchester Factory, and will serve to indicate the 
flow-line as well as the division of responsibility. 


process planning 

A great deal has been written by a large number 
of experts and others on tooling, processing and allied 
subjects. Much more will be written — they are the 
sort of subjects that are always interesting, ever topi- 
cal, often controversial. 

In any branch of engineering, good tooling begins 
with sound process planning. Sound process planning 
begins and ends with carefully considered ideas, 
methods and developments. 

The planning sheet which is used to guide the tool 
designer is, in fact, the summary of the planner’s find- 
ings and investigations. Its uses are considerable and 
within the writer’s factory it does indeed provide a 
vast amount of information to the various sections of 
the company :- 


the material control section on sizes and speci- 
fication, bar sizes, and multiples of material; 
the accounts department on times and 
materials; 
the operating department on _ sequences, 
machine coding and tooling, materials and 
times; 

4. the stores control on destination, 


in addition to general information such as part num- 
ber, description, etc., which are used throughout the 
company. 

The Planning Engineer is then a key figure in the 
organisation, in that his findings are used to produce 
soundly and economically, and to provide a large 
number of people with a great deal of information. 
His thinking must be that of a thoroughly practical 
engineer, but he must always maintain a critical view 


towards existing practices and traditions even 
although he cannot always implement his views. 

In planning the processing and tooling of any 
part he must ask himself these basic questions :- 


1. Will the process facilitate the desired quality 
of product? 

2. Is the process the most economical that can be 
used ? 

3. Will the process allow the product to be made 
at the right time and in the required quantity? 

4. Can the process be tooled correctly and 
inexpensively ? 


Whatever a planning engineer commits to paper. 
there is almost certain to be a critic who, with the 
wisdom of a second thought, states that he knows a 
better way to produce a part. But a planning sheet. 
once carefully thought out and issued, <hould not be 
subject to easy change. 


types of tools 

Constant improvement has been the aim of the 
Mechanical Department within the writer’s factory, 
and over its 13 years of operation in Britain much 
has been achieved. Nearly all the tool designers and 
draughtsmen have been recruited from within and 
the planning engineers have all been home-trained. 
Every tool, gauge or fixture is drawn, regardless of 
simplicity or complexity, in order that a comprehen- 
sive record can be maintained. 

Some examples of the type of tooling in use under 
batch production conditions are shown in Figs. 10, 
ct,.a2, 13, 4, 

One comment can apply to the implement industry 
in general, and that is the fact that all concerned in 
manufacturing must be constantly aware of the wide 
variety of tolerances in existence. In the same imple- 
ment one may readily find bearing housings machined 
to .0002 in.-.0005in. and attaching straps and 
brackets with perhaps + ;;in. on hole centres. 

More often than not, the implement industry is 
judged on the latter rather than on this somewhat 
unique combination. 
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Fig. 9. Mechanical Department Chart showing organisation and flow of information. 














Fig. 10. This fixture for the milling and setting of the rock 
guard for three different types of mowers is fixed to a 24 in. 
rotary table and is operated on an Archdale 34 in. vertical 
miller. The fixture holds 16 parts and facilitates continuous 
milling. The cutter is 8in. X 3/16in. X I} in. of staggered 
tooth chip clearance type in high speed steel. The cutting 
speed is 210ft. per minute, and the cutting revolutions 
101 r.p.m. The feed is 6in. per minute and one guard is 
completed every .8 of a minute. Towards the top of the 
photograph a wedge sets the tongue at an angle of about 
10°. This operation was formerly carried out on a small 
press, but by incorporating it in the milling cycle a saving 
of .18 minutes actual has been achieved. Following the 
milling operation, this guard is induction hardened in order 
that the edges under the tongue can form the surface against 
which the mower knives operate. 

This item runs at approximately 300,000 per year. 


Without this awareness in all phases of planning, 
tooling, manufacturing and inspection, either poor 
quality or increased costs result. 


tool committee 
In Manchester, some six years ago, the Director of 
Manufacturing decided that interdepartmental fric- 
tion would be reduced to a minimum as far as tooling 
and processes were concerned if, prior to the tool 
being manufactured, representatives of the shops 
where the tool would be used — of inspection, of pro- 
duction engineering and of management — met and 
discussed with the planning engineer and _ tool 
designer the processes to be adopted and the type of 
tooling to be made. This Tool Committee is still 
in existence and its value has been threefold : 
1. it has allowed the shops to have a say in the 
tools they were later to use; 
2. it has familiarised all concerned with new 
parts and assemblies, particularly the more com- 
plex items; 





Fig. 11. A Herbert 9B.30 turret lathe is used as a horizontal 

borer in boring this main frame assembly, for an implement 

called the blade terracer, to 2.7495 in. -2.7520in. dia. The 

roughing cut with a carbide tip boring bar is at 158 r.p.m., 

feed 120, cutting speed 111 ft. per minute. Finished bore is 

at 301 r.p.m., feed 120, cutting speed 218 ft. per minute. 
The basic time is 19 minutes. 





Fig. 12. This profile gauge is used in conjunction with a 
shadow-graph to check the various contours of the hook 
which forms part of the knotter mechanism on the hay baler. 
At present the contours are hand finished from forgings, 
but considerable experiment has resulted in a changeover to 
a cast hook made by the lost wax process. This latter type 
minimises hand finishing and ensures greater consistency 
of shape. 
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Fig. 13. The tool shown mounted on the 70-ton H.M.E. 
press carries out all the operations necessary to make a 
complete slat for the straw walkers on the combine harvester 
in just under seven minutes. The material is 24 gauge 
galvanised sheet steel, and developed width and length 66} in. 
<x 9 5/16in. The “top hat” section form is repeated 26 
times, and the operations are completed in 26 strokes of 
the press. Experiments with rotary type tools have to date 
been unsuccessful. 


3. it has enabled the planning engineers and tool 
designers to keep in close touch with the shop 
floor. 


machine tools and special equipment 

So closely associated with processes and tooling are 
machine tools and special equipment that they can- 
not be left out of any written matter on the subject. 

The selection of machine tools in an industry that 
caters for such a variety of parts as implement manu- 
facturing, is made difficult by frequent change in 
product design — this being necessary to keep abreast 
or ahead of agricultural engineering trends. Machine 
tools, presses and other equipment are chosen to cater 
for as wide a range of sizes as is consistent with cost 
and anticipated product quantities. In the latter 
regard, the loading calculations referred to under 
the Section, “ Production Planning” are invaluable. 

With fairly low quantities in many cases, standard- 
isation of machine tools in size and make has been the 
general line of thinking up to the present, although 
with the advent of increased production, special line 
equipment of an automatic and semi-automatic 
nature is being investigated by the Mechanical 
Superintendent and his associates whose responsi- 
bilities cover the selection of plant and equipment. 


space problems 


Manufacturing space represents to any manage- 
ment a continuous challenge as to whether it is being 
put to the best possible use and is, indeed, paying 
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its way. Its use naturally varies with the product and 
the volume of production, but in any industry such 
common features as the layout of machinery and 
equipment, utilisation of height and the maintenance 
of set aisles must be carefully studied. 

In the implement industry, flexibility must neces- 
sarily be the keynote owing to the great variety of 
products and parts, and the seasonal demands. 
Machine tools are, where possible, installed in such a 
way that they can easily be moved and are close 
enough together to ensure the best utilisation of space. 
It has been found, for example, that it is far better 
to place each of a line of machine tools just a few 
inches closer together and leave an open space at 
the end for storing and inspection, rather than to 
space a line of machines right to the extremes of an 
area. 

One fundamental truth arises from this line of 
reasoning —— everyone, foreman or machinist will take 
full advantage of every inch of space given him, and 
will still clamour for more. If his working space can 
be cut to a minimum, without impairing his operating 
efficiency, the overall saving of space, which in turn 
offers room for expansion, is quite staggering. 

The planning of factory layouts has always been, 
in batch production shops, something of a difficult 
task. The layout draughtsman or planner can spend 





Fig. 14. This photograph shows two hay baler connecting 
rods in position in a large trunnion type fixture. The distance 
between the small and big end is 50in., although the centre 
to centre distance has an open tolerance of +0 to —1/16 in. 
This tolerance is used to advantage as all the distortion is 
channelled in the length dimension by means of screw ad- 
justed wedges at the big ends of the fixture. This eliminates 
twist and consequently the machined faces of the large and 
small ends are kept parallel to within .005 in. which is the 
accepted limit for this job. The fixture holding two com- 
ponents facilitates the cooling of one whilst the other is 
being welded. Welding time is approximately’ 16 minutes, 
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many days in drawing shop layouts and then he may 
well have to change many features in line with 
management’s comments on his efforts. 

Some few years ago, when the Manchester Factory 
increased from 150,000sq. ft. to 290,000 sq. ft., a 
magnetic layout board was made up prior to a series 
of moves, and this proved so successful in saving 
drawing time that it has been adopted by all factories 
within the group, and others too. 

Fig. 15 shows an overall view of the layout board 
which forms part of an office wall. The models are 
of wood and to scale in the three major dimensions, 
and are held in position by small magnets inserted in 
their bases. A steel sheet suitably lined out and 
painted is the factory floor and Perspex sheet on 
which are painted overhead services, electrical power 
and lighting, heating, air, gas, water, etc., is the roof. 
Photographs are taken to record moves before a 
change takes place. 

The main feature, apart from saving drawing time, 
is that those concerned on the shop floor can have 
an opportunity of expressing their views before any 
move takes place. They can for that matter “have a 
go” at moving the models themselves. This is pre- 
cisely what happened during a discussion on the lay- 
out of the tool room and the resultant move met with 
the satisfaction of everyone. 

The factory layout shown in Fig. 16 is as it stands 
at the moment and illustrates the general flow-line. 


material handling and storage 

Transportation is a necessary evil which adds little 
to a manufactured product but cost. There are excep- 
tions, such as mechanised assembly lines facilitating 
ease of working, but in the main the handling of 
naterial is an item of overhead which deserves close 
scrutiny. 


ig. 15. Magnetic layout board. 


A factory can be designed to cater for single 
product manufacturing and can allow for most 
eventualities within that sphere, but to achieve flexi- 
bility of manufacturing and storage in an existing 
building is another matter. 

Work study specialists have spent years of 
endeavour to make the manufacturer more conscious 
of.material handling problems than ever before and 
have succeeded to a very large degree, at least with 
those manufacturers who appreciate work study. 

Before setting up operations in Manchester and 
later in Kilmarnock, it became evident that the 
diversity of products and parts which are the lot of 
the implement maker would call for fully mobile, 
robust equipment. In accordance with this a number 
of fork lift trucks were purchased, together with a 
large number of tote boxes and racks capable of 
carrying and storing large quantities of heavy 
material. 

This plan has met with success as far as providing 
the means to store and convey are concerned. The 
question as to whether any item is being moved too 
far, too often, is one which is constantly being 
reviewed. At each factory a materials handling 
engineer is available, but perhaps more important 
still, everyone who deals with material and movement 
from the planning engineer to the final assembly 
inspector is encouraged to suggest improvements. 

Fig. 17 shows a fork lift truck with a tote box 
capable of holding two tons of parts approaching the 
central storage area, which is in effect a tote box 
stores made up on the block plan principle. 

Boxes are stacked four high and the area is six 
boxes by four giving, in each of the 16 areas, facilities 
for storing 96 boxes or nearly 200 tons of parts, the 
latter figure depending on shape and weight. An 
empty space at the end of each area is allowed in 
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which to place the outside four boxes when the fork 
lift truck driver has to remove a box from an inner 
row. Two trucks operate exclusively within this 
stores and, in conjunction with a storeman who 
records and directs to store and beyond, the drivers 
are responsible for collecting from the primary 
checking area where all parts are inspected and 
weighed or counted. This store, which separates the 
primary departments from the assembly, welding and 
finishing departments, is designed to cater for the 
items currently in production — usually about 18 
implements out of the range of 35. A non-current 
store is situated elsewhere along a factory wall. 

Steel handling is carried out mainly by crane and 
sometimes by fork lift truck, but more adequate 
facilities are being sought. 


general comments 


In the foregoing paragraphs the endeavour has 
been to offer some comments on the problems facing 
the implement industry and to state the progress that 
certain plans have met with to date. There are many 
topics which are so closely allied with production and 
management that perhaps sections. should have been 
devoted exclusively to them. 

That most important factor, leadership, of which 
volumes could be written, has not been included. 
Without it no business can flourish. Work study and 
inspection has been only briefly mentioned. Finishing 
and packing, testing and despatching — all of which 
are part and parcel of production — have not been 
the subject of any comments. All are important — 
none more so than industrial relations. To do justice 
to any or all would take many more words than could 
be allowed. Accordingly, this thesis has been limited 
to the subjects most closely allied to production. 


trends and conclusions 


Agricultural products will be required to keep pace 
with the world’s ever increasing population. What has 
appeared rapid expansion to date may be over- 
shadowed by an even greater upsurge in the 
expansion of the implement industry, as the more 
backward areas of the world begin to mechanise. 

Considering again Britain’s leading position in 
mechanised agriculture and comparing its size with 
other countries, shows that the industry could indeed 
be in its early youth, if not its infancy. 

The industry will only cope with such increased 
business if it is prepared; individual companies will 
survive and prosper only if they are competitive in 
all respects. Expanding production facililties to cater 
for expansion of business is one way: increasing 
productivity of the facilities available is another, The 
two must be advanced together, but one can be costly 
to achieve whilst the other is costly if it is dis- 
regarded. 

Better methods, better training, improved machine 
tools, improved tooling, expanding organisation, ex- 
panding facilities-— these are the seeds of the pro- 
ductivity crop which, if sown with care and at the 
right season, will return as a harvest of increasing 
prosperity. 





Fig. 17. Material handling and storing. 
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CASE STUDIES IN QUALITY CONTROL 


“« 
Introduced by T. B. Worth, M.I.Prod.E., A.M.I.E.E., C.G.1.A. 
=" 
Head of Department of Production Engineering, 
College of Advanced Technology, Birmingham. ‘i 
OR many years it has been the policy in the Department of Production 
Engineering to develop and conduct courses relating to the Control of Quality, 
and embracing metrological and statistical methods. Parallel with the applied ar 
aspects, there has been a strong development in the provision of courses embodying of 


the formal mathematical treatment of statistics. For instance, all students of 
Production Engineering in the Diploma in Technology (Eng.) courses take this - 
subject as a theoretical background to application in the subject of Measurement Ey 
and Control of Quality. Provision is also made in the Associateship Courses, 





: . : re 
which are part-time, for students to study Quality Control and complementary 
studies in Metrology to an advanced level are available. , 
* . . : Ww 
Experience has shown, however, that some of the most difficult problems in the 
control of quality are in those cases where precise measurement of the product 
characteristics is very difficult or is not possible. In such cases, assessment by other 
means is necessary. Also, it is essential for economic production to do everything 
possible to control quality at each stage in its manufacture. 
Accordingly, a Course of Eight Case Studies was arranged, the studies being 
carefully chosen so that as many facets of the problem could be presented by 
specialist lecturers. 
The course was entitled : 
“Case Studies in Quality Control ” 
and consisted of a series of lectures designed for personnel whose responsibility was 
the quality function within their own works and who would therefore already possess 
some knowledge of the fundamentals of inspection and the control of quality. 
The course was planned to cover a wide range of subjects and the lectures ( 
were generally planned along the following lines : 
of 
(i) statement of the nature of the problem and its industrial setting ; 
(ii) method of approach to the problem ; sc 
(iii) results obtained and subsequent course of action ; m 
each company contributing a case study typical of its operations. a 
In this way, members of the course were able to see the application of al 
Quality Control methods to industrial problems outside their own particular field, Sf 
but which nevertheless covered a certain amount of common ground, thereby el 
assisting them with their own problems. 
Subjects and speakers were : s] 
J (0) 
“THE VISUAL ASSESSMENT OF FINISH” by E. Summerscales, B.Sc., r 
A.M.1I.Mech.E. (Chief Quality Engineer, Joseph Lucas Ltd.). tl 
je 
“QUALITY CONTROL AS APPLIED TO H.R.C. FUSE PRODUCTION ” 
by J. H. Bonaker, A.M.I.E.I. (Deputy Chief Inspector, Switchworks, The th 
General Electric Co. Ltd.). C 
st 


“QUALITY CONTROL IN THE FOOD INDUSTRY, ITS DEVELOPMENT ) 
AND APPLICATION” by J. H. Bushill, D.Sc., F.R.I.C. (Deputy Chief 7 
Chemist, J. Lyons & Co. Ltd.). t] 














“QUALITY CONTROL IN THE CLOTHING INDUSTRY” by S. G. B. 
Green (Manager, Coat Department, Montague Burton Ltd.). 


“ GONTROL OF QUALITY IN THE MANUFACTURE OF BEVEL GEARS ” 
by G. E. Paterson (Gleason Specialist, Buck & Hickman Ltd.). 


“QUALITY CONTROL IN THE HOLLOWARE INDUSTRY” by N. R. 


Worrall, A.M.I.E.I., F.R.S.A. 


“QUALITY CONTROL OF DROP FORGINGS” by J. D. Bunton, F.I.M. 


(Chief Metallurgist, Garringtons Ltd.). 


“THE DEVELOPMENT AND SPECIFICATION OF ACRYLIC PLASTICS 
FOR LIGHTING (with special reference to quality aspects)” by W. E. Harper, 
Ph.D., B.Sc., M.I.E.E. (Section Leader, Plastics Division, I.C.I. Ltd.). 


About 60 senior engineers and Quality Control managers attended the Course, 
and the standard of discussion throughout indicated that the material presented was 
of sufficient interest and value to warrant publication and a wide distribution. 


Moreover, it was thought that such publication would be complementary to 
other publications on Quality Control issued by The Institution of Production 
Engineers. Accordingly, four of the lectures appear in this Journal, and the 


remainder will be published in subsequent issues. 


The Department of Production Engineering is greatly indebted to the authors 
who have so readily prepared their Papers and have agreed to publication. 





THE VISUAL ASSESSMENT OF FINISH 


NE of the most difficult tasks facing an inspector 
ls to pronounce on the acceptability of standards 
of finish where there is no means of measurement. 
In the machining field, the problem has been 
solved by the development of surface finish 
measuring instruments. The use of these instruments 
is now commonplace in the engineering industry and 
a standard method is laid down for the interpretation 
and communication of results. When one engineer 
speaks of a finish of 15 micro-inches C.L.A., all other 
engineers know just what he means. 

Unfortunately, many finishes cannot be assessed so 
specifically. If one thinks of the polishing and plating 
of metal, of painting, of finish on moulded plastics or 
rubber, of the finish of glassware, etc., one realises 
that the assessment of the standard of finish is sub- 
jective. 

This case study describes an attempt to overcome 
this problem in the case of plated zinc-base die- 
castings. The method is not free from the use of 
subjective judgment. There will always be differing 
opinions about finishes of the non-machined kind. 
The method applied to the data is quite exact, 
though. 


by E. Summerscales, B.Sc., A.M.I.Mech.E. 


It is stressed that whatever standard of finish is 
derived, the criteria for its durability must be satisfied 
as the prime requirement. 


the method 


Judgment operates from the outset in the selection 
of, say, seven specimens of the product. Presumably 
this will be done by a single responsible member of 
the organisation, usually the Chief Inspector. 


The sample comprises : 


one unit well below the standard of acceptability: 


one specially produced unit of high standard (or 
of selected high standard). 


These two specimens clearly limit the upper and 
lower boundaries. The lower one is at a level which 
would injure a company’s name for quality, whilst 
the production cost of the upper one is outside the 
price being paid by the customer and would, there- 
fore, spell economic ruin. 


Five units with varying degrees of finish, but all of 
marginal acceptability. 
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(In the case of a plated die-casting this could be a 
combination of brightness of plate, smoothness of 
plate, freedom from base-metal defects resulting from 
casting and polishing, freedom from uncovered nickel 
and, certainly, freedom from blistered plate.) 

A panel of responsible and interested members of 
the production unit should be asked to pronounce 
on the specimens. Such a panel might well be made 


up of : 


a senior production supervisor ; 
a production engineer ; 

a design engineer ; 

a quality engineer ; 

a salesman ; 

a plating or process chemist. 


All have equal weighting and all have an under- 
lying idea of what constitutes acceptability. 

A choice of the ranking technique is made and 
preference here is given to the method employing 
the choice between any two specimens taken only 
two at a time. 

The specimens are randomly designated A, B, C, D, 
E, F, G. 

People are asked to say which one they prefer 
between AB, AC, AD... 

a eee 
CD... and so on. 

Experience shows that it is wise to let each person 
inake judgment in isolation, because there is almost 
bound to be collusion otherwise. 

The results are recorded on the form shown in 
Table 1. 


analysis of results 


The method is detailed here for those who might 
wish to employ the technique and is derived from 
standard works on the subject. 

The number of readings is derived from the simple 
formula of the number of combinations ,C, of n 
objects taken r at a time. 


In this case n = 7, r = 2, therefore: 


n (n—1) 7X 6 
 &s = - = 21 readings 
9 


* 





JUDGMENT ON QUALITY OF PLATING 
Compare each pair of specimens, as listed below, and draw a 
ring round the one which is preferred. A definite preference 
must be expressed at each test. 


Test No. Specimen Specimen 
1 A B 
2 A C 
3 A D 
4 A E 
5 A F 
6 A G 
7 B C 
8 B D 
9 B E 

10 B F 
11 B G 
12 C D 
13 C E 
14 C F 
15 C G 
16 D E 
17 D F 
18 D G 
19 E F 
20 E G 
21 F G 
Table | 


1. Record readings in Table I. 


2. Erect Table II. 

First record only to the right of the diagonal. 
Record in each cell those readings where the row 
letter is preferred to the column letter using a 
stroke (e.g., one observer preferred A to B, but 
seven preferred B to A ; each cell contains an 
entry for each observer). 

Recording of preference of column letter over 
row letter is done by 0. This is not strictly 
necessary, but does serve as a check that all 
preferences have been included and completes the 
symmetry of the table. Gomplete the table to the 
left of the diagonal, so that in the complete table 
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serving in the Royal Air Force, Mr. 
Summerscales attended Manchester University and 
obtained a B.Sc. degree in Mechanical Engineering. 
He joined Joseph Lucas Ltd. in 1949, and in 1954 
was appointed Chief Quality Engineer of Joseph 











each corresponding pair of cells is complementary 
(e.g., seven observers preferred B to A, and one 
A to B). 

Add all the tally marks in each row and column 
and record against (the sum of each pair will be 
48). 

Summarise the two sets of totals and record in 
bottom right-hand cell (in this case 168). 


3. Now determine a measure of the intensity of 


favourable agreements between pairs of observers 
by means of the coefficient of Agreement A. 
The tally marks 1 in cells of Table II indicate 
the number of observers who have expressed 
preference for the particular row specimen. 
Complete Table III on the basis of favourable 
agreements betwen pairs of observers using 


(j-1) 


jC2 = j) —— where j = number of tallies 


e.g., Column B has one tally, therefore : 


1 x 6 
= 9 
2 
Column C has four tallies, therefore : 


4X 3 
2 


Row B has seven, therefore : 


7X 6 
2 





= 6 





and so on. 









Obtain the grand total J and check by cross 


summation. 
-| 
Compute A from A = ————— -l 
mCz Cz 
where m = 8 = number of observers, 
2 X 436 
28 X 21 
= 7 = number of objects 
= 0.483 
Complete agreement would give A = | 


The greatest possible disagreement between eight. 
observers would place four opposing tallies in each 
cell. 


Therefore, each row would total 36 = 


41X 3 
—— X 6 
Z 
There are seven rows which makes J = 252, 
therefore : 
2J 2X. 292 
a eh ae Sh ORF =f — -—0 143 
mC nC 28 x 21 
Note : 
=| 
Amin a for m even 
m-l 
—1 
or = —— for m odd 
m 


m:% (OBSERVERS) 


wn :=7 (OBJECTS) 
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e m(m-1) wn (n-t) 
‘fe 2 (m -2)* 


d-J2z = 68) B= 


= 32-6 (depres of freedom ) 


2v-l = ¢-ol 


d- B= 7:$ (sto.daswel error) ) 


The value of A = 0.483 would appear to repre- 
sent a reasonable measure of agreement. 


l'o see whether this is justified, carry out a test of 
significance by computing Z and V, leading to 
aand #. Values of(a-8)--3 represent a significantly 
high degree of agreement. Values of between two 
and three would indicate a reasonable measure. 
In the example, a high degree of significance is 


suggested benefits to be derived from this 
approach to the problem 


An assessed opinion has been established and 
samples of average, above average and below 
average can be retained as typical of their class. 
They can be used for routine reference in keeping 
a standard in the mind’s eye of those carrying out 
inspection. 


a ey 2. Secular process deterioration can be detected. 
3. The psychological factor of a group effort 

: ' ° oa ° Se ” 
Having confirmed that reliance can be placed on banishes the inspection “ tyranny ”. 
the trustworthiness of the panel’s findings, the 4. A firm basis has been established for price /quality 
final ranking can be determined from the indi- negotiations. 
vidual row totals of Table II, in terms of “marks” 5. Samples are of great value when communicating 
awarded. D is the best with 4, G the worst with 1 standards to sub-contractors who are getting work 
and A is the average. for the first time. 

REFERENCE 


“Facts from Figures ” 





— Mr. J. Moroney. Pelican Book. 




















| pes control of quality in the clothing industry 
presents problems very different from those 
encountered in most other industries. 


Our product is men’s clothing, and our aim is to 
set a standard of quality where each article can be 
different from that either before or after it. A bespoke 
(or measure) suit is individual to each individual 
customer's requirements, that is, the style and type 
of cloth he wishes to order, out of many, many 
different ones and to his own particular measure- 
ments, physical characteristics, and additions or sub- 
tractions to the given standard style offered, and 
which he, the customer, may decide he requires. 


Of course, it may be thought that these factors can 
fall into a repetitive pattern which can form the basis 
for a standard, but the variety is very great indeed. 
It is fair to say also that we are subservient to the 
wishes of the “man in the street’, in his tens of 
thousands, whereas in other trades a product can be 
predetermined, tooled, assembled and retailed as a 
product. It can also be set to fine limits which are 
constant, such as in wood or metal, and machined to 
precision standards which can remain static over a 
period. 


Our Board of Directors, after consultation with 
designers, sales staffs, works management, and cloth 
buyers, decide on a series of styles and cloths which 


QUALITY CONTROL IN THE CLOTHING INDUSTRY 





by S. G. B. Green 


they believe will attract custom. Any alterations 
within these decided styles and designs are discussed, 
but finally full agreement is reached. This can call 
for many alterations in existing materials, designs, 
patterns, machining and hand making methods, all 
of which have to be conveyed to — and implemented 

by — the appropriate departments. 

It would be as well, at this stage to give some 
description of the industrial setting into which these 
problems are placed :- 


1. Many thousands of individual orders for 
measure suitings are received from our hundreds 
of retail shops. Each order undergoes a 
scrutiny during which particulars are checked, 
length of cloth to be cut is recorded, and other 
details such as the type and colour of all but- 
tons is also recorded. If this may seem trivial, a 
three-piece suit involves an average of 22 
buttons per suit; there are 80 different colours, 
and 930 yards of sewings (cotton threads) are 
used in one suit! 


2. Each order is cut to its required length, in 
accordance with the measurement particulars. 


3. Each order is individually handled, marked on 
the cloth in accordance to measurements, style, 
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and physical descriptions and then cut by a 
bespoke cutter. It must be stressed that each 
order is handled in this manner individually by 
a cutter. 


4. The garments are made up in the making units. 


wo 


The garments are pressed off after making, 
ready for despatch. 


To give a background to these basic production 
units would be too immense a task, so for this pur- 
pose, the making up of a jacket —— by virtue of its 
complexity — offers the best means of illustration. 


The weekly output expected is in the thousands, 
and the work in progress is in tens of thousands. 
All of this work is individually dated to a promised 
date of delivery which must be kept, and to the four 
corners of the British Isles. 


an essential factor 


In the jacket manufacturing unit there are approxi- 
mately 85 operations, and of these 85 operations or 
sections, any number of operatives from 10- 100 can 
be employed in accordance with the work content 
involved. So the time element forms an essential 
factor to movement of the product in all stages of 
manufacture. 


Women operators are employed as about 80°/, of 
the labour force, and thus the problems of training, 
redeployment, and labour wastage due to natural 
causes must always form important factors in all 
planning. 


Work is being performed on many different types 
of cloths: worsted, serges, tweeds, Harris tweeds, 
baratheas, gaberdines, faced cloths, etc., with trim- 
mings of different textures and materials, cottons of 
varying tensions and qualities, and buttons of 
different types and sizes and made of bone, plastic, 
leather and cloth. Additionally the production can 
be a mixture of any, or all, of the following :- 


lounge and sports suits; dinner and evening 
suits; uniforms; overcoats; display models; frock 
coats; hunting jackets; and many such “ out- 
of-the-ordinary styles” as some of our younger 
generation tend to favour! 


This, therefore, is the nature of the problem — 
control of quality within this industrial setting. 


Our method of approach to quality control is 
fundamentally a healthy criticism of our product, ai 
all levels, and at all stages of production. At all times 
we are seeking to give the customer the best garment 
that can be produced, irrespective of price range. 
There are therefore methods of communicating infor- 
mation relative to quality, to enable control to be 
exercised. 


Let us call these “ indirect ” channels as far as the 


practical making unit concerned, and “ direct ” where © 


these are integrated. 


642 





The “indirect” ones, first, are as follows :- 


The Chief Designer and his staff; 

The Sales Manager and his retail shop reports; 

Production experimentation ; 

Laboratory tests and reports; 

Prototypes or experimental models with modifi- 
cations /alterations /or amendments to existing 
designs ; 

Letters of appreciation, or criticism, from 
individual clients; 

The various trends in fashion. 


The “direct’’ channels of communications are 
those on the factory floor which form the quality 
control units within the making process, but before 
these are described, it would perhaps be as as well 
to define what is meant by quality. 

Firstly, the quality of the materials, cloths, cottons, 
trimmings, buttons, etc., are to rigid standards laid 
down to our suppliers, so our control of quality aims 
at ensuring that a perfectly cut, perfectly made, and 
perfectly pressed garment is presented to our 
customer. 

To achieve this, our quality control sections are 
divided into three integrated units :- 


Sectional Passers; 
A Supervisory Quality Staff ; 
A Central Passing Department. 


We will take each of these in turn and analyse the 
work they perform. The writer likes to call these 
units first, the basic line of defence, the Sectional 
Passers; second, the shock troops — The Supervisory 
Quality Staff; and thirdly, the “customer conscious” 
one Passers, so let us take the Sectional Passers 

rst. 


sectional passers 


The basic qualifications for the type of person 
we employ in this function are a placid and 
even temperament coupled with an aptitude for 
examining detail, which can be monotonous because 
of its repetitive nature. Added to this must be an 
ability to perform personally the actual operation 
examined. The Passers examine such _ small 
details as stitches in seams, collars, edges, pockets. 
linings, shoulders, backs, to give a few examples, and 
for tension, neatness and straight lines of stitching 
or stitching following precisely and neatly round to 
shape, such as the lining to cloth of a pocket. There- 
fore each Passer must have an intimate and practical 
knowledge of the actual operation on which she is 
employed. 

Usually the Passer is chosen not because she has 
made the grade as a fast worker, but because she has 
proved careful, methodical, and has what can almost 
be described as a “fussy” interest in the particular 
operation. Also, usually, Passers are people with some 
years of experience in the trade and therefore 
accustomed to all elements of the work content 
involved. By this it is meant that a pocket Passer 
would be accustomed to making the many different 
types of pockets as opposed to the standard pocket, 
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meaning such styles as half-moon pockets, or pockets 
with fancy jettings of leather or velvet, to give only 
two examples. 


method of operation 


Each section will have a number of Passers accord- 
ing to the work content and time element necessary 
ior examining each operation for quality. ‘I he actual 
operator will perform the operation, mark the gar- 
ment ticket with her own clock number and pass 
down the job to a special series of bins into which 
all work to be examined is placed. The Passer will 
then examine for the points mentioned and for many 
others — too numerous to describe — and either pass 
or reject the garment at that stage. If rejected, 
the Passer will take the faulty work back to the 
actual operator who did it, at the same time poini- 
ing out the details where the quality has not been 
maintained to the standard laid down. The Passer 
will advise the operator, should this be necessary, on 
how to correct the garment, or, in a more difficult 
case, would call the Sectional Supervisor who would 
then instruct the operator how to correct, or demon- 
strate the method of correcting, to enable the operator 
to avoid that error on any further work. The Passer 
may observe that certain operators are prone to 
recurring errors. These will be reported to the 
Sectional Supervisor, who would then place the 
operator under the personal supervision of a skilled 
chargehand or, in a very isolated case, recommend 
to management that the operator undergoes a 
refresher course in the Company’s Training Centre. 


quality consciousness 


It is our policy to make everyone quality conscious, 
to such a degree that large attractive display posters 
are prominently placed, with frequently changed 
slogans, to attract the eye of all operators. These are 
specially designed to have not only eye appeal, but 
to bring home the lesson that “ Quality work means 
more orders and better pay.” 


Whilst the point cannot be too strongly emphasised 
that Quality Control of the work is exercised fully at 
the passing points, we can stress our own viewpoint 
that we employ Passers at every stage of the garment 
manufacture. 


Now, it must be made clear that the manufacture 
of a jacket is very different from most other articles, 
insomuchas whereas many other articles can be made 
in parts or sub-sections, and afterwards assembled, a 
jacket progressively and literally “takes shape” by 
the gradual build up to the finished and completed 
article. 


Therefore, we are not content to put all our eggs 
in one basket and rely entirely upon the Passers 
giving us the standard of quality upon which our 
name and reputation depend. 


_ We have accordingly superimposed upon the pass- 
ing system a separate team, which we call “ Quality 
Supervisors ”. 





At first it might be thought that this unit, as the 
phrase might imply, merely supervise the Passers 
just described, but their task extends far deeper and 
has a much wider implication than just that. 


The Quality Staff consists of a number of men of 
supervisory status, that is, men who have successfully 
controlled as Technical Foremen a number of 
operational sections. Their qualifications are, 
therefore :- 


they are skilled technicians, i.e., tailors, pressers, 
fitters or machinists, or a combination of any 
two of these crafts in certain cases; 

they possess an intimate knowledge, gained by 
many years’ experience of controlling output. 
of quality, and labour in a number of opera- 
tional stages, and have the ability and, very 
necessarily, the temperament to demonstrate, 
guide, correct and report. 


These men, then, are appointed to a number of 
operations over which they have a roving commission 
to inspect any work they might wish to examine for 
quality and detail. They can—entirely according 
to their assessment of a position :- 


examine for quality any operator’s work and 
continue to do so until they are completely 
satisfied, or, devote their time to an entire 
section which they might judge requires indivi- 
dual and complete attention. Or they can work 
with a Passer, or number of Passers, to ensure 
to their satisfaction that operators are alert 
to the problems of quality requirements — a 
sort of pour encourager les autres technique. 


Naturally in this application of quality control 
they will guide the operators with the co-operation 
and assistance of the Sectional Supervisors concerned. 


At the same time they are in constant and per- 
sonal touch with their quality colleagues before and 
after their own area of control, as details might be 
found affecting the quality of the product outside a 
particular control area. 


The Quality Supervisor will also be in daily contact 
with his Quality Manager (to whom we will refer 
later) with whom he will cover the following points :- 


difficulties found in production which might 
lead to trouble in maintaining Quality Control; 
methods and suggestions for smoothing out 
these difficulties; 

alterations in designs which might lead to 
changes in the making process, again, which 
could affect Quality Control; 

discussion relating to suggestions where methods 
might be streamlined to enable closer control 
to be exercised. 


It must now be said that apart from the responsi- 
bility the Quality Supervisor has to the Quality 
Manager, he operates independently within his area 
of Quality Control. 
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Thus we now arrive at the Quality Manager him- 
self and his own function within the control and his 
colleagues outside of it. Fundamentally, his functional 
responsibilities are those of overall Quality Control 
within the production unit and in pursuit of this 
he has a roving commission, like his staff, to inspect 
and examine any part of the garment in the making- 
up process. Garments calling for special attention, 
such as peculiar styles or unusual requests, for ex- 
ample, one where the customer requested velvet lapels 
that were removable with zip fasteners, will be taken 
to the Quality Manager for assistance and guidance 
on making method. 


He is also in constant touch with the Chief 
Designer, particularly when new models or style 
alterations are under discussion and in a like manner 
with the Works Manager, with problems or sugges- 
tions brought to his attention by his Quality Staff and 
which have been noted in the observation of day-to- 
day production. 


It can now be visualised that the garment has now 
passed through the stages of making-up, with the 
Quality Control within all these operations, and has 
arrived at our final check stage, that is. the garment 
has been cut, made-up, buttoned, and finally pressed 
ready for the customer, and is—- we hope — com- 
plete in every detail. 


final inspection 


It is at this point that the final detailed inspection 
for quality takes place. 


Every garment is directed to this stage, and the 
system is so designed that it is not possible for a 
garment to escape this final control section, which we 
call the Central Passing Section. 


This is a complete and independent organisation 
within itself. It has its own supervision, quality passing 
staff, pressers, handsewers and rectifiers, re-passers. 
and booking system. 


The layout of this section was carefully designed to 
give the best possible conditions in regard to space, 
light, equipment, etc. The staff comprises two Super- 
visors, one an expert Measure Cutter, the other a 
Quality Supervisor of 30 years’ experience, whilst 
the Passers themselves are ex-pressers, ex-cutters or 
ex-fitters, that is, clothing craftsmen. 

The staff operate in teams of two people; the first 
examines in detail the inside of the garment and the 
second, the outside of the garment, using a “dummy 
figure” to obtain the closest appreciation of how the 
customer will look in the garment under scrutiny. 
Thus each team has a series of “ dummies” to cover 
the normal human figure range. It constituted a major 
quality problem when this unit was organised to 
design a method whereby we could ensure :- 


1. that the inspection was completely comprehen- 
sive ; 


2. that each team in the unit examined by 
exactly the same method and order; 
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3. that the inspection was accompanied by a strict 
adherence from first to last of all making 
specifications to standards laid down, and 
strict conformity to the individual requirements 
specified on the garment ticket, that is, to the 
requirements of the customer, then he placed 
the order. 


The final decision was to employ a method of 
“inspection by numbers” to ensure that in every 
case and at all times, each Passer followed a pre- 
determined plan of examination. 


When the examination is completed and the gar- 
ment is passed, the Examiner places his individual 
number stamp on the two garment tickets each 
product carries, one on the sleeve ticket, the other on 
the inside breast pocket ticket. The objective is to 
ensure that each Passer thus receives formal instruc- 
tions in the quality requirements of the operations 
covered by our making processes, so that their judg- 
ment on issues not readily definable can become as 
nearly as possible identical, to achieve uniformity of 
method. 


We hasten to mention one important factor — the 
major factor of the human element. So far all that 
has been described sounds so automatic that it may 
be envisaged that every garment we produce is 
perfect. Of course, and regrettably, this is not so, and 
will not be so as long as manufacturing processes 
involve such a large proportion of the human element 
—and human failings — which follow as a natural 
course. The endeavour is to discover and correct 
faults as far as system and method can so do. 


We referred earlier to that complement of the 
department which comprises what can be termed 
“repair hands”, this part of the Central Passing 
Staff consisting of tailors, pressers, felling hands and 
alteration hands capable of altering any part of the 
garment needing attention. If the Passer finds such 
faults at this final stage, he places a coloured ticket 
on the garment itself, detailing the faults. It is thus 
sent to the rectifier within the unit, who corrects the 
fault in accordance with the ticket instructions. 


In the event of a major fault being found, such 
as a flaw in the cloth which might necessitate fine 
drawing (invisible mending) the garment is sent to a 
separate department which specialises in this type of 
work. This does not detract, however, from the over- 
all objective of endeavouring to make the Central 
Passing Section self-contained as far as possible. 


Thus we have reached the final Quality Control 
Stage and the moment is opportune to examine the 
results attained, information gathered, and subsequent 
courses of action. 


To sum up the practical side, we have the triple 
systems described for Quality Control :- 


1. Passers in individual operational sections: 


2. Quality Supervision superimposed upon the 
Passers. 
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3. Central Passing Section as a final examination 
unit of all work made. 
This is our threefold endeavour to eliminate the 
human element of error and abide by the 
standards of quality~ laid down by the 
Company. 


The administration of the Central Passing Section 
is able to gather facts daily on the actual numbers 
of errors or faults found in finally passing all gar- 
ments. The making sections responsible for any 
faults found can thus be indicated and this does 
actually happen by means of a daily “Sectional 
Fault Analysis Sheet”, which shows the actual 
number of errors pinpointed to the sections respon- 
sible throughout the making unit. This daily sheet is 
then circulated to all quality supervision and works 
management to enable them to follow up within 
their own orbit of control. As this information is 
prepared and circulated daily, it enables a prompt 
check up from work only inspected and examined 
the day previously. 

From this daily sheet a weekly percentage analysis 
can — and is — prepared of the quality errors found 
in the making sections and thus prompt steps can be 
taken to eliminate recurring trends. 

Additionally, a separate monthly analysis is pre- 
pared to show the number of items where faults, 
tears, or damages in material have necessitated fine- 
drawing, together with the hours expended on this 
work and then —as this analysis is kept for each 
department — information and costs are available of 
these quality faults. Also, these quality faults are sub- 
divided into various qualities of cloth so that each 
can be separately seen and reviewed. Additionally, 
they are also graded down to the various parts of 








the garments on which the flaws were found, such 
as the back, forepart, collar or sleeve of the garment. 

However, it is clear how important these details 
are, as fine-drawing (or invisible mending) can save the 
tremendously expensive process of having to obtain 
and match new cloth and the entire remaking process 
that would otherwise have to be undertaken. 

We would mention that regular meetings are held 
by our Directors with the heads of production and 
administrative departments and factories. At these 
meetings many items are discussed relating to present 
and future plans and policies. The information 
obtained from Quality Control is always available 
and can form a basis of discussion and objective and 
constructive criticism. 

If the writer were asked the major result obtained 
from all this Quality Control, it could be said that 
we sell a quality garment in a wide range and choice 
of materials, styles, and made by some of the best 
craftsmen in the world. It is this fact, plus the excel- 
lent service given by our retail organisation, that has 
brought our Company into the position of being the 
largest manufacturers and retailers of men’s clothing 
in the world. So the results are some proof of our 
methods. 

From this it could be agreed that whilst our, 
Quality Control might seem extensive and to a” 
degree, repetitive, by the triple check system used. the 
results have justified the means used. 

‘In conclusion — our trade is unique inasmuchas the 
handling time and thus the human element, as 
opposed to the machining or mechanical time, is so 
great a percentage of the total time involved. Thus 
the factors of human frailties, temperament, and 
personal problems give us a consuming appetite for 
always seeking and striving for-- PERFECTION. 





QUALITY CONTROL OF DROP FORGINGS 


i pie success and perhaps even the survival of any 
company in a competitive market is largely 
dependent on the quality of its products. This is 
particularly evident in the drop forging industry. 

For many years the engineering industry has 
depended on drop forging for the production of vital 
components, especially in the fields of automobile 
and aircraft manufacture. 

Drop forging is specified for vital components not 
because it is a cheaper process than other forms of 
metal shaping, such as casting or welding. In some 
cases. it is cheaper and in other cases it is not. It 
is specified primarily to meet quality requirements. 


by J. D. BUNTON, F.I.M. 


We are all aware of the fact that with present day 
techniques very excellent castings and welded com- 
ponents are produced. By and large, however, it is 
probably fair to state that more consistent reliability 
is expected from the drop forging process. 
Accordingly, it is incumbent on the drop forger to 
ensure that the quality claimed for his process is in 
fact substantiated. 

Broadly, the qualities expected in a drop forging 
are adequate strength, freedom from objectionable 
surface defects, optimum machinability, minimum of 
distortion in heat treatment and machining and 
dimensional stability in service. In special cases, 
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The Company with which the author is associated produces over 100,000,000 drop forgings a year. 


Figs. 1 and 2 illustrate some of the products. 























attention has to be given to other properties, such 
as resistance to oxidation or creep at high tempera- 
tures and resistance to corrosion. 


the customers 

My Company’s customers are mainly in the auto- 
mobile, agriculture and aircraft industries, or related 
to them. In terms of tonnage, the aircraft work is 
small in comparison with work for the automobile 
and agricultural industries, but nevertheless, it con- 
sumes a considerable proportion of technical effort 
and quality control in view of the high quality 
standards required. 


quality objectives 
The quality objectives are twofold :- 


(a) satisfied customers; 
(b) a minimum of processing trouble and scrap 
within our own works. 


Briefly, the quality requirements of the customer 
are :- 


(i) aircraft industry 

The emphasis on quality which, of necessity, has 
always been evident in aircraft work, becomes more 
acute as air travel becomes faster, with longer flights 
and heavier loads. As a supplier of turbine and 
compressor blades for aircraft engines, we are very 
conscious of the possible consequences of the failure 
of one of these blades in service. Absolutely no effort 
is spared to ensure that the forgings supplied to the 
aircraft industry are of first-class quality in every 
respect. 


(ii) automobile industry 

In this industry the emphasis on good quality is 
understandably on highly stressed or vital components 
such as steering components, con. rods, crankshafts 
and gears. In addition, however, there is the per- 
petual demand for uniformity in properties in batches 
of forgings to ensure smooth working of the auto- 
mated machine lines. Here such factors as machin- 
ability and distortion in heat treatment are of vital 
importance. 





(iti) agricultural tractors and commercial 
vehicles 


This is probably our greatest export line, where 
quality is of importance in competitive world markets. 
Here we are competing for business in areas where 
the service conditions are often far removed from 
those in this country, due to differences in road con- 
ditions, climate and standard of maintenance. 
Failures to meet quality standards in this category 
of work is a reflection on both the Company and 
our country. 

In common with other manufacturers, therefore, 
it is important that we attempt to make our exports 
as impeccable as is possible. 


quality control procedures 


Certain procedures are carried out at my Company 
prior to, during and subsequent to the manufacture 
of drop forgings with the intention of controlling 
quality. 

Metallurgical and Inspection Departments exist 
with the prime object of testing and sorting, etc. The 
personnel in charge of these Departments sometimes 
make assessments of quality in matters which are not 
easy of resolution or assessment. These personnel and 
the Departments in their charge are the prime movers 
in Quality Control, but the results of their work is 
fully valid only by the co-operation of most per- 
sonnel employed in the works. 

A complete analysis of the steel to be used is 
rendered useless if the steel consignment is wrongly 
labelled, or wrongly colour coded, or if the cut 
pieces from the billets or bars are mixed with cut 
pieces of another specification on the shop floor, or 
if the steel supplier has supplied an incorrect billet 
in an otherwise correct consignment. 

H.F. heating has the advantage that once set to 
the correct temperature, it will maintain that tem- 
perature for the complete die run of the forgings. 
Unfortunately, however, oil-fired furnaces do not 
have such consistent control. Accordingly, we are 
dependent on the furnace operators to ensure that 
the furnace temperatures are maintained correctly 
between visits of the patrol pyrometer inspectors. 
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Thus it can be seen that the Quality Controller is 
dependent to a great extent on the co-operation of 
personnel in other departments and sometimes in 
other companies. 

The Quality Control procedures are broadly sum- 
marised as follows :- 


1. Technical study of the customer's enquiry during 
which decisions are made regarding die design, 
raw material specification and processing specifi- 
cations. 


Inspection and testing of raw material. 


Quality supervision and sampling during forging 
operations (e.g., furnace temperature control 
dimensional checks and surface inspection). 


Quality supervision and sampling in the sub- 
sequent operations, e.g., during the operations of 
heat treatment and pickling. 

Control of furnace temperatures, furnace 
atmospheres, quenching media, analysis of pickling 
baths. Micro-examination and hardness testing of 
heat treated forgings. 


Inspection and sampling of the finished forgings 
for hardness, surface defects, microstructure. In 
special cases, spark testing is carried out to detect 
any evidence of mixed steel in the component. 


Despatch procedure. 

Supply of test certificates and also in some cases, 
test bars to the customers. Advice Notes. Special 
delivery in cast segregation. Special despatch 
identification when required. 

Liaison with customers. 


Investigation of customers’ complaints. Recording 
rejections, 


(1) technical study of the customer’s enquiry 

A minor fault overlooked at this stage could have 
costly consequences. Accordingly the metallurgical 
and engineering personnel involved in this work hold 
responsible positions. 

It is important that the die design is such that the 
drop forgings can be produced in an economical 
manner, and also that the resultant grain flow in the 
forgings will be the most serviceable and _ will 
minimise the chances of laps or metal strain occur- 
ring during forging. (Figs. 3 and 4.) 

It occasionally happens that a customer requires 
properties in the forgings which are not obtainable 
from the steel which is specified. Good machinability 
may be an important factor, in which case the process 
by which the steel is made is of paramount import- 
ance, e.g., open hearth or electric. These are but 
a few examples of many factors that have to be taken 
into account in the study of the customer’s enquiry. 
Dimensional tolerances are usually important and the 
customer is not always conversant with the tolerances 
required in the drop forging which are commensurate 
with economical die life. 

Subsequent to this study and assuming that an 
order has been placed, then a master record of all 
details of raw material and processing specification 
is circulated to the appropriate departments. 


(2) inspection and testing of the raw material 

The greatest proportion of the raw material is in 
the form of steel billets or bars in the size range $ in. 
dia. to 6 in. square. 

The Quality Control of the raw material is, of 
course, of prime importance, because unless it is 
correct subsequent operations may be a waste of time 
and effort. In a Company such as the one with which 
I am associated, where the output and rate of work- 
ing are high and associated with expensive plant, 
stoppage of production due to faulty material cannot 
be tolerated to any marked extent. 

Consequently very strict rules are laid down regard- 
ing the use of raw material. These are :- 


(a) the material must not be used until released by 
the Laboratory; 

(b) each forging produced must bear a three-letter 
code by which the steel identification is known. 


After unloading from the lorry or wagon in which 
it has been delivered, each consignment of steel is 

















inspected by the Steel Stores Inspector for evidence 
of harmful surface defects, or evidence of bent billets 
or bars which could cause trouble during the cropping 
operation. 

The necessary samples are then cut off (by burn- 
ing) for Laboratory tests and the cast number 
stamped on each test piece, which is then forwarded 
to the Laboratory. 

Meanwhile, the steel is placed in storage racks 
clearly labelled with full details of size, specification, 
‘cast number, supplier and die number for which the 
steel was ordered. Each bar end is painted with a 
colour code denoting the steel specification. 

Of the samples sent to the Laboratory, there is 
always one from each cast for chemical anaylsis. In 
fact, should the same cast of steel be rolled into 
various sizes, a sample for analysis is supplied from 
each size. 

On arrival of the test piece at the Laboratory, 
full details of the steel are entered into a Code Book 
and the steel is allocated a three-letter code. Against 
this code are eventually entered the following 
details :- 


Date of receipt of the sample. 

Steel Order Number. 

Date of release of steel for production. 

Size of billet or bar. 

Specification. 

Cast number. 

Steel supplier. 

Weight of steel received. 

Die number for which the steel was ordered and 
the die number for which it was released. 

Results of chemical analysis. 

Results of all other laboratory tests carried out, 
e.g., mechanical properties, grain size and clean- 
liness tests, etc. 


Thus there is a complete record of each size of each 
cast of steel received in the works. 

Details of the inspection and testing of the raw 
material which is carried out in the Metallurgical 
Laboratory are as follows :- 


metallurgical examination of forging quality 
steels 


surface quality 

The assessment of the suitability of the surface 
condition of a particular cast of steel is often a diffi- 
cult matter. Consideration is given to the distribution 
and magnitude of surface defects, taking into account 
the nature of the forging operation, the type of forg- 
ing plant to be used and machining tolerances. Press 
forging, combined with H.F. heating of the steel stock, 
is considered more critical of surface defects than 
hammer forging combined with oil or gas-fired 
furnace heating of the steel. 

The degree of surface perfection required is 
greater for an upset forging than for a “ lay-in” 
forging on which the main forging action is at 90°C 
to the axis of the steel stock. Upset forging creates a 
very severe strain on the surface layers of the steel 
and it will readily reveal any surface defects. 





Fig. 5. 


Laboratory examination of surface quality includes 
pickling in either hydrochloric or sulphuric acid and 
also the up ending test shown in Fig. 5. In this test 
the steel stock is heated to the appropriate forging 
temperature and forged to approximately one-half of 
its original length with\a minimum number of blows. 

Samples for pickling and up ending are chosen 
from certain billets or bars which show signs of sur- 
face defects during a visual examination of the bulk 
consignment. 


chemical composition 

Chemical analysis is carried out on each cast of 
steel, even although in the vast majority of cases a 
test certificate covering both chemical analysis and 
mechanical properties is supplied by the steel makers. 

Prior to the analysis by wet methods and the 
Spekker photo-electric absorptiometer, the sample is 
qualitatively checked on the steeloscope to ensure 
that it is of the correct general composition*. Carbon, 
manganese, silicon, sulphur and phosphorus are 
checked on plain carbon steels and these elements 
together with the appropriate alloying elements in 
alloy steels. In cases in which there is a harden- 
ability specification, an estimate is made of residual 
elements such as nickel, chromium, copper, molybde- 
num and tin. 


mechanical properties 

Forged test bars from each cast of steel are given 
the heat treatment appropriate to the specification 
and from these test pieces are machined and tested 
for yield point or proof stress, ultimate tensile stress, 
ductility and impact value. 

In special cases, creep testing is required. 


hardenability 

In some cases, hardenability is specified to guaran- 
tee the attainment of certain required conditions 
during heat treatment, machining or in service. For 
example, during the water quenching of a .50% 
carbon steel in certain sections there is usually a risk 
of cracking. This may be minimised or even 
eliminated by hardenability control which limits the 
total percentage of residual elements. Control of 
hardenability is also of importance in reducing the 
distortion of gears during hardening. In other cases, 
it may be necessary to ensure adequate depth of 
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hardening to facilitate machining or to withstand 
service conditions. 

Hardenability is determined by either the Jominy 
or Rockwell inch test, depending on the class of 
steel being examined. In the Jominy test, a | in. dia. 
specimen of the steel is heated to the appropriate 
hardening temperature and quenched under standard 
conditions on its end face. Two parallel ground 
surfaces are prepared along its length and Vickers 
hardness readings taken on these at intervals of 
jy in. progressing from the quenched end along the 
length of the specimen. From the resultant data a 
hardenability curve is constructed. 

In the Rockwell inch test the | in. dia. and 4 in. 
long specimen is heated to the appropriate hardening 
temperature and completely quenched. It is then cut 
transversely half-way along its length and Rockwell 
readings are taken on two diameters at 90° at inter- 
vals of #; in. from the surface to centre. The mean 
readings of the two diameters are determined and 
the hardenability in Rockwell inches is determined 
from the formula :- 


($8 + Hl + H2....H7 + 40) 





Fig. 7. 


where S is the surface hardness, H1 the hardness at 
js in. depth, H2 the hardness at {in. depth, etc., 
and C is the centre hardness. 


grain size 

Examples of fine and coarse grain steel are shown 
in Figs. 6 and 7. The specification of grain size is 
now quite common practice to ensure minimum 
distortion during heat treatment, or consistent 
machining characteristics, or in the attainment of 
specific mechanical properties. 

Fine grain steels have better impact properties than 
coarse grain steels whilst the latter have greater 
hardenability, higher tensile strength, better creep 
properties and lower ductility. Generally, fine grain 
steels are more difficult to machine but give a better 
machined finish. Because of their greater harden- 
ability, coarse grain steels are more prone to distor- 
tion and cracking during heat treatment. 

The grain size of a steel is usually determined by 
the McQuaid-Ehn test. A small section of the steel 
is pack carburised at 920°C for approximately eight 
hours, subsequently sectioned, ground and polished 
and etched in sodium picrate reagent. 














cleanliness 

Steel cleanliness has an important bearing on 
cracking during heat treatment, machinability, resist- 
ance to fatigue in service and forgeability. Because 
of difficulties associated with its definition, it is only 
in exceptional cases that a definite standard of cleanli- 
ness is specified by the engineer. 

Machining problems can arise due to having too 
few sulphides or too many or too large silicates, 
oxides or nitrides. Fig. 8 shows a field of sulphide 
inclusions which are beneficial to machining, whilst a 
harmful silicate is shown in Fig. 9. 

During forging there is a tendency for the inolu- 
sions to concentrate on the flash line. They then act 
as stress raisers during hardening or in service and 
may cause cracking. Unless they are very large or in 
heavy stringer formation, inclusions are not normally 
troublesome during forging. In fact, dirty steels are 
somewhat less prone to overheating than clean steels. 
The harmful effect of iron sulphide on forging is of 
course well-known, but nowadays its occurrence is 
a rarity. 

The cleanliness of a cast of steel is liable to great 
variation and its assessment often presents a difh- 
cult problem. 

The procedure at my Company’s works commences 
with the magnetic crack detection of step-turned 
billets or bars as shown in Fig 10. Stringers are readily 
detected by this method. In certain cases, this is 
followed by micro-examination of selected areas of 
the steel and inclusion counting based on either the 
Fox or Jernkontoret methods (Figs. 11 and 12). The 
Fox count is quicker in operation. The Jernkontoret 
count has the advantage of a definite classification of 
the inclusions as sulphides, alumina, silicates and 
oxides and this is of particular value in estimating 
the effect of the inclusions on machinability. What- 


Fig. 11. 


THE FOX INCLUSION CHART 
Standard Conditions 


Dia of bar: I}in. Section prepared longi- 
tudinally through the axis of the bar. 
Magnification: 130 diameters. Number of 
fields examined: 60. This consists of two con- 
— series across the section each of 30 
elds. 


Typical Method of Assessing Count 


Fields examined 





60 
Grade 0 1 2 3 4 


18 30 10 2 Nil 
Inclusion Count 


18 xX 0=0 
30 X 1 = 30 
10 X 2 = 20 
2X3=6 


Inclusion Number 56 












Fig. 10. 


ever method be used, careful polishing of the speci- 
men is essential to ensure freedom from pitting, 
scratching and distortion of the inclusions. 


segregation 
(i) axial segregation or pipe 

Piping is liable to cause rupture along: the axis of 
the steel stock during forging, and additionally steel 
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Thin series Heavy series Thin series Heavy series Thin series Heavy series Thin series Heavy series 





Thickness Thickness Thickness Thickness Thickness Thickness Thickness Thickness 
up to approx. approx. up to approx. approx. up to approx. approx. up to approx. approx. 
4 microns 6 microns 9 microns 15 microns 5 microns 9 microns 8 microns 12 microns 





Fig. 12. The Jernkontoret Chart for determining the 
inclusion content for steel. 


with centre segregation may become locally burned or 
overheated due to an abnormally high carbon. Frac- 
turing or micro-examination of a pickled transverse 
section or sulphur printing are methods by which 
piping and axial segregation are readily detected. 
Piping in a stainless steel compressor blade is shown 
in Fig. 13. 


(ii) banding 

A banded structure is shown in Fig. 14. As the 
term suggests this is a condition of the steel in which 
certain constituent elements are concentrated in 
certain planes and deficient in others. Consequently 
there are alternate bands of different microstructure 
and hardness which may result in heat treatment, 


machining and service problems. Fundamentally, 
banding is due to chemical segregation in the ingot 
for a variety of reasons. Sometimes it can be reduced 
in its severity by adequate reheating of the ingot prior 
to rolling. It is usually accentuated by forging and by 
certain critical heat treatments such as cyclic anneal- 
ing. It is invariably minimised by hardening and 
tempering. 
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lead segregation 
A more correct term for this fault is lead aggrega- 
tion. During its addition to the molten steel, the lead 
tends to sink to the bottom of the ingot mould and 
lead segregation is encountered when bottom cropping 
is inadequate. Also, the practice of lead addition to 
top poured small ingots is liable to cause aggregation 
in high regions of the ingot. Lead aggregation is 
troublesome when components are heat treated in 
the finish machined condition, when the lead particles 
melt and run out leaving cavities in the surface. 
Lead aggregation is best detected by the lead 
print method. A section of the steel is linished and 
filed and placed in contact with a special lead print 
paper which has been soaked in 5% caustic soda 
solution for approximately two minutes. The paper 
is then transferred to a 5°%% solution of sodium sul- 
phide. Reaction between the lead ions and the 
sodium sulphide results in the formation of lead 
sulphide, which imparts a brown colour to the print. 


burning and overheating 

Fortunately, burning or overheating of steel stock 
by the steelmaker is a rare occurence, and in the case 
of overheating its ill effects are usually overcome by 
subsequent forging. 

Burning is readily recognised by visual examination, 
as can be seen from Fig. 15 and the effect on the 
microstructure is shown in Fig. 16. A burned steel 
cannot be salvaged. Overheating may vary from a 
mild form which can be cured by high temperature 
prolonged normalising treatment, to the other 
extreme just short of burning which will not respond 
to any form of corrective treatment. Although over- 
heating results in a marked drop in the impact value, 
























Fig. 16. 


other mechanical properties such as tensile strength 
and ductility are not appreciably affected. An over- 
heated steel is usually most difficult to refine by 
hardening unless given a preceding normalising 
treatment. 

In the writer’s experience the best means of 
detecting overheating is by etching in Wesley - 
Austin reagent (10% nitric acid and 10% sulphuric 
acid in water). Fig. 17 shows the microstructure of 
an overheated steel after the Wesley - Austin etch. 
The heavily delineated boundaries of the large 
grains which remain after removal of the etch is the 
evidence of overheating. Fig. 18 shows the same steel 
with a nital etch in which the very large grains are 
delineated by a ferrite network. 

Quality Control of the raw material, however, is 
not confined to inspection and testing. The results of 
such are recorded and the performance of each 
supplier is tabulated and circulated each month to 
interested members of the management. By this 
means it is possible to determine the suitability or 
otherwise of particular suppliers for specific jobs. In 
the event of a persistent fault occurring in any 
particular property, it is possible to draw the sup- 
plier’s attention to this fault and in some cases this 





















may effect a remedy. In other cases a change of 
supply may be necessary. Although the aim is perfec- 
tion it is not always achieved and, indeed, to expect it 
in every case would lead to a stoppage of production 
in some instances, due to the lack of raw material. 

it is the responsibility of the Quality Controller to 
assess to what extent he can afford to depart from 
perfection in striking the happy balance between 
having adequate supplies commensurate with the 
minimum of works scrap, and ensuring a satisfied 
customer. 

Our Raw Material Inspection records show that 
successful operation is possible only by planned selec- 
tion of suppliers. The steel from one source 1s, 
generally, less clean than from another. One supplier 
is good for surface quality, another is bad. One has 
a bad record on grain size steels. Another has a bad 
record on machinability, etc. The record of each 
supplier is taken into account in the purchase of 
steel for specific jobs. Also taken into account are 
the type of forging operations involved, e.g., whether 
upsetting or lay-in forging, and the means of heat- 
ing and plant to be used, e.g., whether induction 
or oil heating, press or hammer forging. 

H.F. heating with its minimum of scaling is more 
exacting on surface quality than oil-fired heating 
with its liberal scaling. Also, press forging, with its 
restricted number of blows, often inflicts more punish- 
ment on the stee! than hammer forging with more 
blows and more coaxing of the metal into the dies. 


(3) quality supervision and sampling during 
forging operations 

Having released the raw material, which is then 
sawn or cropped to correct lengths, the next step is 
forging on mechanical presses, upsetters or on drop 
hammers. 

Factors examined during these operations are 
dunensions, surface finish, furnace temperature (in 
some cases furnace atmospheres have to be controlled 
e.g., in forging nickel base alloys, titanium alloys and 
in precision forgings where oxidation and decarburi- 
sation have to be avoided). (Fig. 19.) 
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In the early stages of forging there is also 
examination for evidence of laps or metal strain 
which may have been caused by faulty die design. 
Inspection at this stage is carried out on a patrol 
basis. As the dies undergo progressive wear, the forg- 
ings obviously become dimensionally less accurate 
until eventually, because of this, the job has to be 
stopped for replacement of the dies. 

As all new jobs are proofed prior to going into 
production, it is unusual to find a fault which is 
attributable to die design. 

Although there is initial surface inspection of the 
billets or bars, small defects are sometimes brought to 
light during forging operations. Fortunately this does 
not happen often. It may mean that the job has to be 
stopped pending the arrival of replacement supplies 
of steel. 

Furnace temperatures are regularly checked by 
patrol inspectors with optical pyrometers. In the 
event of the furnace temperature having been found 
to be too high, the forgings are quarantined pending 
the results of Laboratory examination. 

If burning is found, which rarely happens, the forg- 
ings are scrapped. If overheating is found, an attempt 
is made to reclaim the forgings by long-term high 
temperature normalising, which is more often than 
not successful. 


(4) quality supervision and sampling in 
subsequent operations 


heat treatment 


Approximately 50/, of all production is in the 
heat treated condition either as normalised, annealed 
or hardened and tempered. In the case of finish 
machined products such as wrenches, hammers, track 
links, etc., these are further locally hardened in 
specific areas after flame or induction heating. 

It is most important, therefore, that having pro- 
duced good forgings following careful inspection of 
the raw material and its processing, that they should 
not be scrapped in the heat treatment operations. 

All heat treatment operations are under the super- 
vision of a qualified metallurgist. Patrol inspectors 
check the furnace temperatures with potentiometers 
and optical pyrometers and, in addition, pyrometers 
are calibrated and repaired by personnel employed in 
the Metallurgical Laboratory. 

After hardening prior to tempering, random hard- 
ness checks are made to facilitate the selection of the 
correct tempering temperatures. In specific cases, 
samples are taken for micro-examination in the 
Laboratory to ensure good core properties prior to 
release from the Hardening Shop. In some cases 
fracture testing, bend tests and magnetic crack detec- 
tion are carried out on the heat treated components. 


(5) inspection and sampling of the final product 


The extent to which final inspection is carried out 
is dependent on a number of factors which include 
the nature of the forging, its past history in relation 
to defects, and any reported defects during manu- 


facture. 





















For example, all con. rods for one particular 
customer are subjected to 100°/, hardness testing and 
100°% surface inspections under a magnifying glass. 

Turbine blades in Nimonic 100 are checked for 
grain size in the Laboratory to the extent of one per 
100. 

In cases where the forgings are intended for less 
exacting service, and are supplied as forged or 
normalised, they may be subject only to surface 
inspection. 

In between these limits, the extent of final inspec- 
tion varies greatly, dependent on the nature of the 
forging and its past history. 


(6) despatch procedures 

Advice Notes are of course supplied with each 
consignment giving full details of the forgings in 
regard to quantity, specification, etc. Each forging 
bears a three-letter code, as has been already noted, 
so that in the event of any subsequent complaint full 





details of the steel which has been used will be 
known. 


(7) liaison with customers 
investigation of customer complaints 
recording of customer rejections 

This final stage is most important in quality con- 
trol. The above noted work is done with the prime 
object of having satisfied customers. We believe that 
the only sure method of gauging the customers’ 
reactions to quality is by regular visits of our liaison 
personnel to their works. 

By this means, molehills are often prevented from 
growing into mountains and in general a happy 
relationship is assured. Customer liaison and com- 
plaints are handled by two people —a metallurgist 
and an inspector solely engaged on this work. 

Management is kept advised of their reports and 
where necessary corrective action is taken. A record 
is kept of customer complaints and these are received 
by the management at regular intervals. 








DEVELOPMENT AND SPECIFICATION OF 


ACRYLIC PLASTICS FOR LIGHTING 


ed ECTIVE lighting is now so much a part of the 
modern industrial and social scene that it is diffi- 
cult to realise that the period of great advance in 
lighting technology lies very largely within the last 
25-30 years. The development of discharge lamps, 
for example, lies in that period, which has also seen 
the growing appreciation of lighting requirements and 
the rise of new lighting techniques. One of the land- 
marks in this advance has been the publication by the 
Illuminating Engineering Society of the “ I.E.S. Code 
for Lighting in Buildings”, a document which has 
guided lighting installation design in _ buildings, 
including industrial buildings. 

Such activities broadened the scope of illuminating 
engineering and called, inevitably, for improved and 
new equipment to meet the increased technical 
demands. 

With a scope stretching from the lighting of air- 
ports to the lighting of schools, from the lighting ot 
factories and mines to the lighting of shops and 
homes, it is apparent that the design of lighting equip- 
ment must be markedly diverse to meet the varied 
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requirements. This diversity in design in turn has 
created a demand for many different materials with 
properties and characteristics matched to the needs. 

As all materials have their limitations, there is 
always room for the introduction of materials more 
suited to a particular purpose. Under the stress of 
War many new materials were brought into produc- 
tion, including some of the most important modern 
plastics, among them acrylic sheet—the material 
that is the subject of this Paper. 

The first economic process for making methy] 
methacrylate monomer was worked out in_ this 
country. Acetone is reacted with hydrogen cyanide to 
form acetone cyanhydrin and the acetone cyanhy- 
drin is treated with sulphuric acid and methy] alcohol 
to give methyl methacrylate monomer, a clear water- 
white liquid, which has then to be polymerised to 
form sheets. This involves thickening the monomer 
by heat to produce a syrup which is poured into 
glass-sided cells, where heating is continued under 
carefully controlled conditions until solid sheets are 
formed. The glasses are then split away, leaving the 
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sheets of polymethyl methacrylate and as these repro- 
duce the high surface finish of the glass plates, any 
subsequent polishing or surface finishing is 
unnecessary. 

The most apparent characteristic of acrylic sheet 
is its clarity and it was this property combined with its 
strength, low weight (about half that of glass) and 
good weathering that led to the first large application 
of the materials — that of glazing War-time aircraft. 

At the end of the War much of the production 
capacity of acrylic sheet was released for industrial 
purposes. Use in lighting equipment was an obvious 
possibility in view of the remarkable optical qualities 
of the material. 

Certainly it came at the right time, for the light- 
ing industry was faced with installing a great amount 
of new equipment. Steel was in short supply and the 
coming of tubular fluorescent lamps had brought a 
need tor a material sufficiently strong to be self- 
supporting in lengths of 5 ft. and more. Transparent 
enclosures free from risk of fracture were required 
for the new fluorescent street lighting lanterns, and 
new ideas in industrial lighting were calling for 
translucent reflectors. 

Proved first in simple forms of industrial and 
street lighting equipment, use of acrylic sheet has 
developed over the last 10 years to a point where 
the home and overseas markets are now consuming 
about 1,UUU tons a year, divided among applications 
in almost every field of lighting practice. Aircraft 
material was, of course, made only in the form of 
clear sheet, and before the lighting market could be 
exploited it was necessary to add other grades, includ- 
ing opals and coloured materials. The most popular 
size of sheet for lighting applications is 72in. X 
48 in X 4in., but larger sheets are not infrequently 
called for and thicknesses are sometimes required up 
to 0.5 in. 

The development of acrylic sheet for lighting 
equipment has been achieved largely through tne 
tecnnical qualities of the material, wnicn in turn have 
required close control of production to maintain these 
necessary qualities. The problems of Quality Control 
will be approached by looking first at the technical 
demands the material had to face. 


requirements of materials for lighting equipment 

As already indicated, the different types of equip- 
ment imply diverse requirements but these can be 
gathered into four broad groups. 


(i) optical requirements 

Materials must be free from surface and included 
defects that are apparent visually, such as large dirt 
particles or scratches, and clear material must be 
free from noticeable distortion. 

They must be available in a variety of optical 
grades including clear, transparent and translucent 
colours, and opals in a range of opacities. 

They must be optically efficient, which in the 
clear and opal grades implies low light absorption 
and in coloured materials consistency of colour. 

All grades of opals must have their transmission 
or reflection characteristics and their light scattering 
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properties controlled within close limits, to avoid 
differences in appearance of fittings that are mounted 
in continuous runs or areas where such differences 
would be immediately apparent. 

As the sheet material must usually be heated and 
shaped to form lighting fitting components, it must 
not develop optical defects such as excessive matting 
during the forming operations. 


(ii) thermal requirements 


Almost all lighting fittings operate at raised tem- 
peratures, some at temperatures as high as 
100- 150°C. The operating temperature and the 
temperature gradients of a fitting will depend on 
the type and size of lamp, the ambient conditions and 
the design of the fitting. The material used must not 
distort or degrade to such an extent during operation 
that the performance of the fitting is affected at 
any time during a service life of 15-20 years. This 
requirement calls for precise knowledge of the 
thermal behaviour of materials and control of the 
factors affecting it. 

Many lighting fittings are subjected to considerable 
thermal shock, when cold rain, for example, falls on 
a fitting operating at a high temperature, and there 
must be no danger of materials fracturing when such 
conditions occur. 


(iii) mechanical requirements 

With the exception of specialised equipment 
such as mine lighting fittings which may be subject to 
severe stresses imposed by impact and explosion — 
it is not obvious that mechanical strength is an import- 
ant requirement of materials used in lighting equip- 
ment. In a measure this is true, but nonetheless it is 
necessary for components to have sufficient strength 
to resist distortion under their own weight for very 
long time periods, often at raised temperatures. The 
components of street lighting and other fittings used 
outdoors must be able to withstand without fracture 
the stresses imposed by high winds; these stresses may 
be severe locally in the region of fixing bolts and 
hinges. 

Such examples indicate the interest lighting fitting 
designers must have in the mechanical properties of 
their materials. 


(iv) general physical requirements 

In a material such as acrylic sheet, where some 
variation in thickness is unavoidable, it is necessary 
to ensure that dimensions are within accepted toler- 
ances. The many applications of lighting fittings will 
also require information on the ageing characteristics 
of the material when subjected to weathering. 
corrosive fumes and radiation from various lamps. 


inspection processes and tests of material 

These requirements of lighting designers have 
helped to determine the pattern of inspection and 
control used in the production of acrylic sheet. Some 
of these requirements were already covered by 
inspection tests used for aircraft material; for others 
new tests had to be devised. 
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Certain inspection processes are applied to all 
sheets, irrespective of application; other processes are 
peculiar to the grade of material, of which the opals 
used in many lighting fittings constitute one. It will 
therefore be convenient to divide the factory inspec- 
tion processes into two groups of (a) general and (b) 
special tests, to which must be added a third group, 
comprising supplementary tests made in the labora- 
tory on samples drawn at regular intervals from 
production, and designed both to check a wider range 
of properties than is possible in production, and to 
study trends and effects resulting from changes in 
manufacturing procedure. 

Objective mean values and tolerances are specified 
after study of application requirements and produc- 
tion processes and efficiencies. 


(a) general tests 


All sheets are weighed, the length, breadth and 
diagonals of each sheet are measured after trimming, 
and the straightness and quality of all edges are 
checked. 

Each sheet is passed through a machine which 
shows automatically any areas that are outside the 
permitted thickness limits. In addition, 40 sheets 
per day are selected at random by the inspector for 
spot checks on thickness. Maintenance of thickness 
tolerance is particularly important in many shaping 
operations, and also in some machining operations 
such as the milling of prismatic refractor plates. 

Each sheet of clear material is examined for surface 
and inclusion faults against first a white and then a 
black background. The sheet is edge illuminated by 
fluorescent lamps, and surface faults are seen by the 
light that is “piped” through the sheet being 
scattered from the fault. This method of inspection 
is made possible by the high light transmission of 
acrylic sheet. All sheets are also examined for clarity 
and freedom from colouring when viewed through 
the edge. 

This method of examination for surface and inclu- 
sion faults cannot be applied to opal and coloured 
sheets, and these materials are examined for these 
faults by viewing the whole area of the sheet both by 
transmitted and by reflected light against an_ illu- 
minated white background. This test is applied to all 
opal and coloured sheets and, as with clear sheets, 
faults must not exceed in number and area agreed 
maximum values. 

Heat tests, which are made on samples from each 
batch of the material, also differ with the type of 
sheet. For clear sheet the sample is heated to 155°C 
+ 3°C for (10 + 80X) minutes, where X is the thick- 
ness of the sheet in inches. After cooling, the sheet 
is mounted parallel to an illuminated black and 
white striped board which is viewed normally through 
the sheet; the stripes must show no distortion. 

Each opal and colour batch is assessed for heat 
test quality by taking a } in. thick sample, heating to 
155°C + 3°C for 20 minutes, cooling and checking 
that no mottling or surface matting is visible. 

The mechanical properties of acrylic sheet are 
very consistent, and plant checks are limited to the 






measurement of tensile strength once per quarter 
one clear material and once per week on opal and 
coloured sheets. Under the conditions of test adopted 
the measured tensile strength must not be less than 
8,500 p.s.i. 

Assurance that the degree of polymerisation of 
sheets is satisfactory is most important in relation to 
the quality of the product, and this is checked by the 
Vicat Softening Point test for which samples are 
taken from each stripper during each shift. A small 
specimen cut from the sample is mounted in a holder 
and a circular needle of 1 sq. mm. cross-section loaded 
with a 1 kgm. weight is then positioned to bear on the 
surface. The assembly is placed in an oil-bath, the 
temperature of the oil is raised at a uniform rate of 
50°C/hour and the penetration of the needle 
recorded continuously. The temperature at which the 
needle penetration reaches 0.1 mm. is defined as the 
Vicat Softening Point, and is required to be not less 
than 105°C. 


(b) special test 


In addition to the general tests discussed above, the 
opal and coloured grades of acrylic sheet demand 
additional tests to ensure compliance with special 
optical requirements. 

With the coloured material, samples from each 
batch are compared with authorised colour standards. 
These comparisons are made visually by experienced 
inspectors, as it has been found that only by the use 
of apparatus too sensitive and too complex for routine 
plant tests can experienced subjective judgment be 
equalled. 

Two of the most important properties of opal 
materials in relation to their use in lighting are the 
transmission factor and the scattering coefficient. 

Transmission factor is defined as the ratio of the 
light flux emergent from a sheet to the light flux 
incident on the sheet. It is a quantity which, for 
opal materials, varies with colour of the light and 
with the angle of incidence of the light, and for test 
purposes normally incident parallel light of colour 
temperature 2,854°K is used. If a sufficiently con- 
sistent product is to be obtained these transmission 
factor measurements must be of high precision; 
experimental errors certainly must not be greater than 
+ 1%. The only satisfactory absolute method of 
measurement is too complicated for routine purposes 
and so an apparatus of high precision has been 
designed for plant operation, which does not, how- 
ever, measure the absolute transmission factor, 
although the quantity measured can, if necessary, be 
related to this absolute value by a simple ratio which 
differs for the different opals. Objective mean values 
of transmission factor for each opal were set from 
statistical investigations which also established accept- 
able tolerance limits of + 3°/. As the transmission 
factor of an opal material varies with the thickness, 
all measurements have to be corrected for variation 
from the objective thickness of } in. 

Scattering coefficient is a more difficult quantity to 
determine and it was decided not to attempt measure- 
ment, but to assess the scattering characteristics in 
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terms of the ability of a sheet to obscure the filament 
of a clear incandescent lamp when viewed through 
the sheet under specified conditions. For some time 
this simple visibility test alone was used, but 
experience showed that the criterion of “just 
invisible * or “just visible” was not only difficult 
to judge in itself, but that judgment varied 
with the individual inspector. For this reason, 
a quantitative test has been devised in which 
the brightness of the filament of a lamp 
placed much further from the sheet than in the 
earlier test (a filament becomes more visible the 
greater the distance — within limits — between the 
lamp and the sheet) is matched to the brightness of 
the filament seen through a graduated wedge. The 
brightness must not exceed a certain specified value. 
In this instance the change from a subjective judg- 
ment to a photometric match has resulted in more 
reliable, as well as simpler, inspection. 


(c) supplementary tests 


Finally, there are a number of laboratory tests 
which, while not called for by the manufacturing 
specification, are made in the laboratory on samples 
drawn at monthly intervals, and at random from 
production, to check certain other qualities and to 
build that body of knowledge about the product 
which extending application demands. The tests also 
reveal any long-term trends resulting from modifi- 
cations to production procedure. 

The optical properties of opal materials measured 
as described on the plant are supplemented by 
laboratory measurements of reflection factor and 
diffusion factor. Knowledge of these additional pro- 
perties enables a comprehensive assessment of the 
qualities of these materials to be made. 

In the same way, the plant measurements of tensile 
strength at room temperature are supplemented by 


measurements of flexural strength and modulus and 
by measurement of tensile strength at raised tempera- 
tures. These last measurements are particularly 
important in lighting applications where equipment 
must so often operate at high temperatures. 

An allied aspect of the problem of behaviour at 
high temperature is covered by laboratory “ demould- 
ing tests”. Although the Vicat Softening Point test 
gives important information related to the degree of 
polymerisation, it does not give a direct indication of 
the maximum operating temperature of a shaping 
formed from the sheet. To enable this to be assessed, 
a hemisphere is shaped and its rate of deformation 
measured. 

Finally, it is necessary to keep a constant check on 
the weathering and ageing characteristics of the 
material. A number of accelerated tests are made, but 
most reliance is placed on the results of field and 
service tests both indoors and outdoors. Exposure 
stations are maintained in England and in India for 
this purpose, and optical and mechanical tests are 
made at regular intervals on samples cut from the 
specimens. 


conclusion 

Experience over the past 12 years has shown that 
the inspection and test schedules outlined above have 
produced for the lighting industry a plastic material 
in whose properties designers can have confidence. 
Although acrylic sheet is now used in very many 
lighting applications throughout the world, the 
incidence of complaints of defects in the material is 
remarkably small. 

It may well be that in the future new materials 
will be developed that may supplant acrylic sheet in 
some applications. Before they can do so, however, 
their properties will have to show the same consis- 
tency and reliability and an equally rigorous standard 
of inspection will be needed. 








DIARY DATES FOR 1959-60 


November 19th a The Annual Dinner, Dorchester Hotel, London, W.1. 
Principal Guest : Sir Charles Goodeve, O.B.E., D.Sc., F.R.S. 


December 10th we. The 1959 Sir Alfred Herbert Paper, at the Royal Institution, London. 
Speaker: Dr. D. F. Galloway, Director of PERA. 
Subject: “ Production Engineering Developments in Russia.” 


March 17th, 1960... The 1959 Viscount Nuffield Paper, at the Rankine Hall, Institute of Engineers 
& Shipbuilders in Scotland, Glasgow. 
Speaker: Dr. C. Timms, M.I.Prod.E. 
Subject: “Recent Developments in Spur and Helical Gears.” 
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H.N.C. AND DIPLOMAS IN PRODUCTION ENGINEERING — NORTHERN IRELAND 


The first meeting of the Joint Committee of The 
Institution of Mechanical Engineers, The Institution 
of Production Engineers, and the Ministry of Educa- 
tion, Northern Ireland, took place on Thursday, 17th 
September, 1959, at Short Bros. and Harland Ltd., 
Belfast, and was attended by Mr. F. W. Cooper, the 
Institution’s Education and Technical Officer. This 
meeting was the culmination of several years’ work 
by the Northern Ireland Section to establish pro- 
vision for adequate educational facilities in Produc- 
tion Engineering in Belfast. The Institution repre- 
sentatives on the Committee are Mr. R. E. Harvey, 
Mr. Savell O. Hicks, O.B.E., and Mr. T. W. Price. 
The Committee were entertained to lunch by Short 
Bros. and Harland, and were honoured by the pre- 
sence of Mr. W. M. May, Minister of Education. 

The photograph, right, was taken after lunch and 
includes (left to right) Mr. G. Varley, Chairman of 
the Joint Committee, 1959-60; Mr. F. H. Reid, 





Education Officer, Institution of Mechanical Engineers; The Rt. Hon. W. M. May, M.P., Minister of Educa- 
tion; Mr. F. W. Cooper, Education and Technical Officer, Institution of Production Engineers; Mr. J. M. Benn, 
Assistant Secretary, Ministry of Education; and Dr. A. M. Ballantyne, Secretary, The Royal Aeronautical 


Society. 





EASTERN REGION CONFERENCE 


The first Conference organised by the Eastern 
Region of the Institution, and held at Norwich on 
24th and 25th September, met with gratifying success. 
The theme: “ Production Engineering as a Function 
of Management ” was developed by four outstanding 
speakers, namely, the President of the Institution, 
Mr. G. Ronald Pryor; the Vice-President, Mr. 
Harold Burke; Mr. H. H. Norcross; and Canon Noel 
Boston, M.A., F.S.A., R.D. The Chairman of the 
Conference was Mr. E. C. Gordon England, 
F.R.Ae.S., M.I.Prod.E. 

At the opening Luncheon, the Region were privi- 
leged to entertain The Lord Mayor of Norwich 
(Michael Bulman, Esq.) and The Lady Mayoress; 
The Sheriff of Norwich (Alderman Mrs. M. M. 
Frazer); The High Sheriff of Norfolk (R. Q. Gurney, 


Esq.); The Principal of Norwich Technical College 
and Art School, together with leaders of local 
industry. 

The four Papers presented at the Conference will 
be published in the next issue of the Journal. 
IMPROVED MATERIAL UTILISATION 

A new Report, compiled by the Material Utilisa- 
tion Sub-Committee of the Institution’s Research 
Committee, will be published towards the end of 
November, 1959. The Report, which contains over 80 
proved Case Studies, covers the fields of Finishes and 
Finishing Materials; Packaging and _ Shipping 
Materials; Ceramics, Metal Powders and Plastics; 
and Ancillary Processing Materials, and copies may 
be ordered, price 12/6d. each (plus 1/- postage and 
packing) from the Publications Department, 10 
Chesterfield Street, Mayfair, London, W.1. 





OBITUARY 


Mr. H. Handforth, Member, who died suddenly in 
June last, during his period of office as Chairman of 
the Manchester Section, had been a member of the 
Institution for many years, and his active and valu- 
able work as a member of the Section Committee 
contributed greatly to the firm establishment of the 


Institution in the Manchester area. 


He had retired from business only a month before 
his death, and he will be very greatly missed and 
long remembered by his many friends and colleagues 


in the North West Region. 














Mr. Robert Broadbent, Member, Managing 
Director of Sperry Gyroscope Co. Ltd., on Ist 
September was elected Chairman of the Board. He 
has been with the Company for 16 years, having 
joined it in 1943 as Works mamanger. 

Mr. S. R. Howes, 
O.B.E., Member has _re- 
tired from the board of The 
United Steel Companies 
Ltd. He was appointed a 
director in 1956, and assum- 
ed special responsibility for 
the newly-created depart- 
ment of operation research 
and cybernetics. He remains 
Managing Director of 
Templeborough Rolling 
Mills Ltd. Mr. Howes is a 
past Chairman of the Sheffield Section of the 
Institution. 


Mr. D. D. Loweth, Member, Senior Partner of 
Loweth & Partners (Industrial Consultants) Ltd.. 
London and Oslo, has been appointed Chairman of 
Sales Selection Ltd. (Amended announcement.) 





Mr. A. J. Lund, Member, was recently appointed 
a Director of Wallace Cartwright & Company Ltd., 
London. He retains his directorship of Amalgama- 
tions (Private) Ltd., Madras and his position of 
Director and General Manager of Simpson & Co. 
Ltd. Madras. 

Mr. John Pitchford, Member, has been 
appointed Director (Commercial) of H. W. Ward 
& Co. Ltd., Birmingham. Mr. Pitchford has served 
for many years with the Company. 


Mr. K. H. Buckley, Associate Member, has 
relinquished his appointment with the English 
Electric Group of Companies, and has recently taken 
up an appointment with the Motor Car Body 
Division of the Pressed Steel Co. Ltd., as Develop- 
ment Engineer at their Swindon factory. 


Mr. T. E. Cole, Associate Member, is now 
Manager of the Technical Department of The Singer 
Manufacturing Co. Ltd., Clydebank. 


Mr. D. J. Connell, Associate Member, until 
recently Assistant Mechanical Engineer at 14 Com- 
mand Workshop R.E.M.E., Ashford, Kent, will 
shortly take up an appointment as Mechanical 
Engineer at 1 Command Workshop, R.E.M.E.. 
Catterick. 

Mr. W. G. Hearle, Associate Member, has been 
transferred to the Hatfield Works of the de Havilland 
Aircraft Co. Ltd., to take up a new appointment as 
Contracts Officer. 
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NEWS OF MEMBERS 


Mr. R. W. Hillyer, Associate Member, has 
relinquished his position as Senior Design Engineer 
with Hepworth & Grandage Ltd., Bradford, and is 
now Works Manager of High Precision Equipment 
Ltd., Bletchley, Bucks. 

Mr. Alan J. Hutton, Associate Member, is now 
a Production Engineer with Lear, Incorporated, 
Instrument Division, Michigan, U.S.A. 

Mr. J. L. Fisher, Associate Member, has been 
appointed to the Board of William Sugg & Company 
Ltd., London, as Works Director. 

Mr. W. K. Jude, Associate Member, is now 
Production Project Engineer with R. B. Pullin & Co. 
Ltd., Brentford, Middlesex. 

Mr. I. Landmann, Associate Member, has 
recently relinquished his position as Acting Assistant 
Chief Engineer with Messrs. H. H. Fraser and 
Associates (Pty) Ltd., to take up an appointment with 
the Palestine Electric Corporation Ltd., to establish 
and head the Company’s Industrial Engineering 
Department. 

Mr. J. R. S. Lewis, Associate Member, was 
recently appointed Chief Engineer of Motor Rail 
Ltd., Bedford. 

Mr. J. Leather, Associate Member, was recently 
appointed Principal of the Newark County Technical 
College and School of Art. 

Mr. C. C. Hodson, 

Associate Member, has dis- 
associated himself from 
Alfred Herbert Ltd., after 
nearly 30 years (the last 10 
years as Branch Manager, 
Newcastle upon Tyne) and 
has formed his own Selling 
Company, Hodson Machine 
Tools Ltd., Newcastle upon 
Tyne. - 
Mr. A. Barton, Graduate, has left Messrs. 
Hoffmann, Gloucester, Ltd., Stonehouse, and has 
taken up an appointment with the North Oxfordshire 
Technical College, as Assistant Lecturer. 

Mr. P. F. Bushby, Graduate, has taken up a 
position as a Work Study Engineer with Standard 
Telephones & Cables Ltd., Sidcup, Kent. 

Mr. M. Chadwick, Graduate, has now changed 
his position from Design Draughtsman to Manage- 
ment Trainee with Turner Brothers Asbestos Co. 
Ltd., Rochdale. 

Mr. A, J. Ellis, Graduate, has now left Messrs. 
Davey Paxman & Co. Ltd., and has joined Bryce 
Berger Ltd., as Senior Development Engineer. 

Mr. Arnold A. Goldring, Graduate has termin- 
ated his employment with Davis Automatic Controls 


Ltd., Montreal, to take up a position in Vancouver, 
B.C, 
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no other borrower wants them. 
post or telephone.” 


3ranston, Brian. * Time and Motion on the Farm.” 
London, Faber, 1953. 123 pages. Diagrams. 15s. 


This book is primarily intended for working farmers, who 
have at various times been urged to increase their pro- 
duciivity, or to work harder, without being told how to 
do it. It expounds in an informal way the principles and 
techniques of work study, with examples and case studies 
of farm work, 


David, S. C. “An Introduction to Product Design and 
Tooling. * Richmond, Surrey, Association of Engineering 
and Shipbuilding Draughtsmen, 1959. 56 pages. 
Illustrated. Diagrams. 3s. 6d. (Session 1958 - 1959.) 


‘“Intended to act as an overali guide not only to 
beginners in the field of jig and tool design, but also to 
those vast numbers of product design draughtsmen whose 
responsibility it is to create saleable manufactured goods.” 
Contents: Product design and tool design Essential 
drawing procedure — Standards and stock items Jig 
boring Practical too! design. 





Duncan, Acheson J. ‘* Quality Control and Industrial 
Statistics.” (Revised edition.) Homewood, Illinois, 
Richard D. Irwin, 1959. 946 pages. Diagrams. 


A handbook of applied statistics with especial reference to 
quality control. 

Contents: Part 1-—— Fundamentals. Part 2 Lot 
acceptance sampling plans, Part 3 — Rectifying inspec- 
tion. Part 4— Control charts. Part 5 — Some statistics 
useful in industrial research. 

Appendices: Selected mathematical proofs and tech- 
nical material. Special tables. Glossary of symbols. 
Glossary of special technical terms, Cumulative list of 
references. 


George, F. H. “Automation, Cybernetics and Society.” 
London, Leonard Hill, 1959. 290 pages. Illustrated. 
Diagrams. 35s. 


This book is not intended for the specialist in any of 
the subjects of which it treats. It attempts to give 
general information in the following subjects: cybernetics, 
operational research, insofar as they affect the develop- 
ment of automatic techniques. The social problems are 
treated in the first three chapters and are reintroduced 
later in the section on operational research. Cybernetics 
is briefly defined, but its applications, particularly to 
computers and computations, are carefully explained and 
analysed. This book is an attempt to clarify in both 
philosophic and scientific manner the confused thinking 
which exists about the term automation. The author’s 
introduction defines and separates the various chapters 
of the text into the headings found in the title. Most 
chapters are followed by a selection of references to 
extensive source material. 








ADDITIONS 





Members are reminded of the following Library rule, which is frequently ignored : 


“The initial loan period is one month, and borrowers may keep books and 
periodicals for further periods of one month, if they ask the Librarian, and if 
Applications for renewal may be made by 


Imperial Chemical Industries, London. * Central Agricul- 
tural Control — Work Study Unit Reports.’ London, 
. 1957 - 1959. Mimeo. 


E/2. Work study report of the routine cow work on a 
Somerset dairy farm; E/3. Work study investigation of 
milk retailing dairy work; E/4. Work study investigation 
of milking and feeding routines on a Staffordshire farm: 
E/5. Work study investigation of milking and bottling 
routines on a Lancashire farm; E/6. Work study investi- 
gation of bulb cleaning; E/7. Work study investigation 
into grain handling and meal mixing; E/8. Work study 
investigation of milking routines on a 150-acre dairy 
farm; E/9. Work study investigation of crop spraying; 
E/10. Work study investigation into hop harvesting on 
a Hertfordshire farm; E/11, Work study investigation on 
routine cow work of a shorthorn herd; E/12. Work 
study investigation on cauliflower cutting and packing: 
F/13. Work study investigation on pea vining; E/14. 
Work study investigation on feeding, watering and 
cleaning out routines in a Danish piggery; E/15. Work 
study investigation on a 65 sow pig enterprise in Lincoln- 
shire; E/16. Work study a on a calf and 
young stock rearing enterprise; E/17. The radial pen 
system for pigs—a_ work ae By answer; E/18. Work 
study investigation into hand planting potatoes on a 
large arable farm in Lincolnshire; E/19. Work study 
investigation into the milking routine on a 220 acre 
dairy and arable farm in Leicestershire; E/20. Work 
study investigation into the chemical spraying of soft 
fruit; E/21. Work study in a 6-stall 3-unit abreast type 
milking parlour; E/22. Work study investigation into 
milling and mixing on a Lincolnshire farm; E/23. Work 
study investigation into routine stock work on a Cheshire 
dairy farm; E/24. The work study guide to silage 
making; E/25. Work study investigation of deep litter 
houses for laying hens. 


** Lubrication Science and Technology.”? Volume 1. No. 1. 
London, New York, etc., Pergamon Press, 1958. 231 
pages. Illustrated. Diagrams. (American Society of 
Lubrication Engineers, Transactions, Volume 1, No. 1.) 
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Volume 1, No. 2 of this series was noted in the April 
1959 issue of the Journal, The contents of this volume 
are: New retainer materials for aircraft gas turbine 
bearings. (F. C. Wagner and J. T. Burwell) — Glass 
lubrication of ultra-high-speed rolling contact bearings 
(J. B. Accinelli)— Investigation of factors governing 
fatigue life with the rolling contact fatigue spin rig 
(T. L. Butler, R. H. Bear and W. J. Anderson) The 
effect of aircraft turbine oils on roller bearing fatigue 
life (M. E, Otterbein) —- The effect of lubricants on gear- 
tooth surface fatigue (T, F. Davidson and P. M. Ku) 
Laboratory tests with turbo-prop lubricants (H. S. White) 
Non-Newtonian characteristics of lubrication oils (T. 
W. Selby) — Viscosity measurements on polymer modified 
oils (W. Philipoff)— General radiation damage problems 
for lubricants and bearing type materials. (V. P. Calkins 
and C. G. Collins) —- Chrome versus iron side wear: an 




















TI 


— of some radioactive piston-ring wear studies (R. Vajda, S. “The Theory of Games and _ Linear 
Abowd) — The role of atmospheric oxidations in high Programming.” London, Methuen; New York, Wiley, 

oa sliding phenomena II (M. Cocks) — Fundamental 1956 (reprinted 1958). 106 pages. 

study of synthetic sapphire as a bearing material (L. F. 

Coffin) — Wear of carbon type seal materials with varied An account of this new branch of applied mathematics. 

graphite contents (M, A. Swikert and R, L. Johnson) - It develops the argument from first principles and incor- 

Solid film lubrication at high temperatures (E. P. Kings- porates also accounts of recent advances in the field. 

bury)-—On a criterion of cutting velocity in metal Examples are given of situations mainly of an economic 

machining (F .F . Ling and E. Saibel) — A theory of nature in which linear programming methods have been 


cutting tool wear “and cutting oil action (A. Dorinson) of value 
Boundary lubrication, wear in and hydrodynamic F 

behaviour of bearings for liquid metals and other fluids } 

(L. F. Coffin) — Friction and oil feed characteristics of : 

journal box packing. (G. L. Pigman and W. M. Keller) Vajda, S. “* Readings in Linear Programming.”” London, 

A solution for the finite journal bearing and its meee Pitman, 1958. 99 pages. 20s. 

0 to analysis and design—3 parts. (A Raimondi ‘ 

lubrication (W, F. Hughes and F. Osteri) The wane This book contains a representative selection of worked 

of bearing deformation in slider-bearing lubrication (F. examples of applications of the mathematical technique 





Osterle and E. Saibel)—-The determination of the of linear programming which is based on algebraic con- ( 
characteristics of hydrostatics bearings through the use cepts. Only elementary mathematics is required for its } 
of the electric analog field plotter (A. M. Loeb) — Some understanding. There is an extensive bibliography. 

mechanical considerations in the design of large thrust ) 


bearings (R. A. Baudry and G. E. Peterson). 


Vance, Stanley. ** Industrial Administration.” London, New 


Ministry of Labour and National Service. “ Cloakroom York, etc., McGraw-Hill, 1959. 570 pages. Diagrams 
Accommodation and Washing Facilities in Factories.” 54s, 6d. 
London, H.M.S.O., 1959. 32 pages. Illustrated. te err 
(Safety Health and Welfare, New series, No. 5.) 2s. 6d. The book is divided into two sections, in the first of 


which the philosophical concepts of management are 
discussed (the structure of organisation, decision making, 





Skeist, Irving. “* Epoxy Resins ” by Irving Skeist, assisted by corporate control); and in the second specific manage- 
George R. Somerville. New York, Reinhold; London, ment _ techniques such as quality control, methods 
Chapman & Hall, 1958. 292 pages. Diagrams. 44s. analysis, and production control are described. 
(Reinhold’s Plastics Applications Series.) 

Contents: The epoxy story — The resin intermediates — 

Curing the liquid epoxy — Flexibilizing modifiers ine 

epoxy resins — Reinforcements, fillers, Thixotropic 

agents, colorants — Handling epoxies — Tooling for 

metalworking -— Miscellaneous structural epoxies - : - 

Electrical embedments —— Adhesives, caulking and rHE FOLLOWING PUBLICATIONS 
patching — Properties and applications of epoxy resins OF THE HAZLETON MEMORIAL LIBRARY 
in surface coatings — New developments in epoxies. ARE AVAILABLE 

Treasury, Organisation and Methods Division. ** A Guide “Supplement to the Catalogue, 1958.” Gratis. 
to Government Libraries.” 2nd _ edition. London, 


H.M.S.O., 1958. 139 pages. 7s. 6d. Reference. 

** Quality Control.” A list of books in the Hazleton 
Information about subjects dealt with, and about Memorial Library, and a selection of Journal articles, 
borrowing and reference facilities. 1957-1959. 19 pages. Mimeo. 2s. 6d. 








a new Institution publication 


“THE EFFECT OF TECHNOLOGICAL PROGRESS ON EDUCATION ” 


a classified and annotated bibliography from British sources, 1945 - 1957, 
with author/title index. 





So far as the Institution is aware, this is the only bibliography of its kind 
issued to date. Copies may be ordered, price 14s. 6d. each (postage and 
packing |s.), from : 


THE PUBLICATIONS DEPARTMENT, 
THE INSTITUTION OF PRODUCTION ENGINEERS, 
10 CHESTERFIELD STREET, MAYFAIR, LONDON, W 
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The leaders in all fields of 


industry rely on [RIC] for 


the finish to match the high 


standard of their products 


RIC_ supply Underbody Dip 
Primers and Primer Surfacers 
for Vauxhall passenger vehicles. 


RIC supply Underbody Dip Primers, 

Primer Surfacers and Colour Coats 

for Bedford Trucks and Commercial 
Vehicles. 
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ROBT. INGHAM CLARK & CO., HEAD OFFICE: 93-97 NEW CAVENDISH STREET, LONDON, W.1. 
TEL.: LANGHAM 0831, DEPOTS: BELFAST, BIRMINGHAM, BRISTOL, GLASGOW, LEEDS AND LIVERPOOL 
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...18 a line we’re not shooting! 


New, dramatically improved Mobil DTE Oils give a balanced protection 
and service performance that no other oil on the market today can equal. 


New Mobil DTE Oils for hydraulic and circulating systems have 

many specific advantages which, taken together, make a convincing reason for 
preferring them to any other oils of their kind. Here are some of the 
advantages you will get if you use new Mobil DTE Oils: 


LONGER OIL LIFE i“ 





STABILITY AT ALL TEMPERATURES ww 





NEW 

balanced 
Mobil DTE Oils 
for protection 
and performance 
no other oil 
can equal 


FREEDOM FROM DEPOSITS Ww 





PROTECTION AGAINST RUST AND CORROSION ~ 





QUICK SEPARATION FROM WATER ~~ 


LESS WEAR ra 




















ASK THE MAN FROM MOBIL 


This line is no exaggeration. It is the plain truth, 
proved in careful tests against other well known hydraulic and circulating ~ 
oils. The line down our left-hand margin is taken from a chart of these 
tests. Ask your Mobil representative to show you the chart. He will 

explain how, on balance—on the results of all the tests— 
new Mobil DTE Oils show a clear advantage that can mean lower 
costs and improved production in your business. 





MOBIL OIL COMPANY LIMITED, LONDON S.W.1 
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Adelaide (South Australia) ... 
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Canada 


Bombay 
Calcutta 


New Zealand 


South Afriea ... 


Birmingham ... eee see 
Cardiff aie sat see 
Cornwall eee an ese 
Coventry 

Derby 

Doncaster... “as see 
Dundee ae se oo 
Edinburgh 

Glasgow 

Gloucester 

Halifax & Huddersfield 
Ipswich & Colchester 


Leeds 

Leicester & District . aie wie 
Lincoln ae see eee 
Liverpool ote ee 
London ee i 
Luton an 7% cae 
Manchester ... ane 
Neweastle upon Tyne 
Northern Ireland ... << 
Norwich ; aay am 
Nottingham ... ean eee 
Oxford eae wae = 
Peterborough aes eee 
Preston ; one 
Reading ‘ . 
Rochester & District | 

Sheffield a8 
Shrewsbury ... 

Southampton 


South Essex ... 
Stoke-on-Trent 
Swansea 
Tees-Side 
Western nt 
Wolverhampton 
Worcester 


SECTION HONORARY SECRETARIES 
AUSTRALIA 


H. M. Coombes, 11 Elmo Avenue, Westbourne Park, Adelaide, Australia. 
G. Jones, 13 Laburnum Street, Middle Brighton, Victoria, Australia. 


K. Stephenson, 5 Olinda Street, Glen Waverley, Melbourne, Victoria, Australia. 
. G. Slorach, 98 Church Street, Castle Hill, New South Wales, Australia. 


Am pe 


CANADA 
A. M. Hand, 18 Rintella Court, Scarborough, Ontario, Canada. 


INDIA 


D. Mistry, ‘‘ Churchgate House ’’, 32 Veer Nariman Road, Bombay, India. 
J. O'Leary, c/o Guest, Keen, Williams Ltd., 41 Chowringhee Road, Calcutta, India. 
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NEW ZEALAND 


G. Stedman, 3 Harrison Avenue, Belmont, Takapuna, Auckland, New Zealand. 


SOUTH AFRICA 


A. Aitken, 209-211 Pharmacy House, 80 Jorissen Street, Johannesburg, P.O. Box 10837 
South Africa. 


UNITED KINGDOM 


Silberbach, 44 Linwood Road, Handsworth, Birmingham, 21. 
E. Haynes, c/o A. B. Metal Products Ltd., Abercynon, Glamorgan. 
G. Hawke, 3 Bellevue Terrace, East Hill, Tuckingmill, Camborne, Cornwall. 
S. Hopkins, 39 Oaks Road, Kenilworth, Warwicks. 
Warburton, 16 Vicarage Road, Chellaston, Derby. 
R. Wimpenny, 16 Tickhill Square, Denaby Main, Doncaster. 
J. Fraser, 51 Fintry Drive, Dundee. 
A. Bowman, The Scottish Council (Dev. and Ind.), 1 Castle Street, Edinburgh. 
. H. Marley, North British Locomotive Co. Ltd., Springburn, Glasgow, N.1. 
E. Gwynne Clarke, ‘“ Chez-Nous”, Okus Road, Charlton Kings, Cheltenham. 
W. Overin, 353 Whitehall Road, Westfield, Wyke, near Bradford, Yorks. 
. D. Blake, Davey, Paxman & Co, Ltd., Standard Ironworks, Colchester, Essex. 
. Keightley, 42 Kingsley Avenue, Adel, "Leeds, 16, 
. A. Stovin, 14 Queens Drive, Leicester Forest East, Leicester. 
. Wright, i01 Longdales Road, Lincoln. 
. Mason, 51 Stairhaven Road, Ee oe 
7 H. Palmer, Creed & Co. Tele Bord House, Croydon, Surrey. 

. W. Galyer, Engineering ene , pol & South Bedfordshire Same of Further 

Education, Park Square, Luton, Ledfordshire. 

P. Speakman, 223 io Road, Atherton, near Manchester. 
- Glasper, 24 Beldene Drive, High Barnes, Sunderland. 
. G. Easterbrook, “ Hilleen ” 32 Ascot Park, Knock, Belfast. 
I, Hilder, 2a ‘Gorse Road, Thorpe, Norwich. 
K. Liquorish, 28 Mona Street, ’ Beeston, Nottingham. 
F, S. Chappell, 58 Lancut Road, Witney, Oxfordshire. 
N. Holmes, “‘ Arncliffe”’, 11 Mary Armyn Road, Orton Longueville, Peterborough. 
W. H. Preston, 25 Clifton Avenue, Leyland, Lancashire. 
L. J. I. Daughtrey, 26 Hartsbourne Road, Earley, Reading, Berkshire 
W. G. Clements, 11 Charing Road, Gillingham, Kent. 
W. Edwards, c/o E. Pryor & Son Ltd., West End Works, Broom Street, Sheffield, 10. 
W. M. Buchan, Llanberis, 36 Mytton Oak Road, Shrewsb ury. 
J. W. Taylor, High Mead, Kane’s Hill, Thornhill, Southampton. 
F. Hopkinson, ‘“ Woodley ”, 40 Highfield Road, Chelmsford, Essex. 
E. J. Averill, “ Berry Dale”, 87 Hunters Way, Penkhull, Stoke-on-Trent. 
oe Clarke, 11 Alder Road, Cimla, Neath, South Wales. 
W. Roberts, “Rosecroft”, Thirsk Road, Yarm-on- tg Yorkshire. 
A. 
W. 
R. 


ee ee 


Eustace, 19 Ferndale Road, Northville, Bristol, 
a. Vaughan, “Windsor ”, 24 Windermere Road, Siti Cross, Tettenhall, Staffs. 
Wheeler, Old Farm House, 7 Parish Hill, Bournheath, near Bromsgrove, Worcestershire. 
























Birmingham ... 


Coventry 
Leeds 
Liverpool 
London 
Luton 
Manchester 


CORRESPONDING MEMBER IN MIDDLE EAST 


J. Merkine, 45 Arlozoroff Street, Ramat-Gan, Israel. 


CORRESPONDING MEMBER IN RANGOON 


J. T. Foster, Office of the Principal, Regional Marine Diesel Training Centre, 
Dalla Dockyard, Inland Water Transport Board, Phayre Street, Rangoon, Burma. 


CORRESPONDING MEMBER IN WEST AFRICA 


H. P. Halfter, Gold Coast Railways & Harbour Admin., 
P.O. Box 202, Takoradi, Ghana, West Africa. 


GRADUATE SECTION HONORARY SECRETARIES 


J: R. Brownsword, 202 Buryfield Road, Solihull, Warwickshire. 
. R. S. Marrs, 15 Montrose Avenue, Lillington, Leami ngton Spa. 

. Noble, 8 Springwell View, Birstall, near Leeds. 

i. Jones, 9 Beaumaris Drive, Thingwall, Wirral. 

B. W. Jenney, 58 Langdale Gardens, Perivale, Middlesex. 

D. A, Slough, 41 Felix Avenue, Luton, Bedfordshire. 

R. Whitehead, 60 Travis Street, Hyde, Cheshire. 


Newcastle upon Tyne. ae M. Dewhurst, 6 Gerrard Road, Whitley Bay, Northumberland. 
Rochester & District cae D. M. Samson, 123 York Road, Maidstone, Kent. 


Sheffield 
Western 


P. Brown, 21 Rowan Tree Dell, Totley, Sheffield. 
R. E. Everhard, 25 Boverton Road, Filton, Bristol. 


Wolverhampton 29 i I. R. Jones, “Shalimar”, Clive Road, Pattingham, Wolverhampton, Staffordshire. 


LOUGHBOROUGH COLLEGE STUDENT SECTION 


Chairman : 
A. Roberts, 32 Duncan Road, Aylestone, Leicester. 


Honorary Secretary: 
J. Fairbrother, Dept. of Industrial Engineering, College of Technology, Loughborough, Leics 


MATERIALS HANDLING GROUP 


Chairman : 
F. E. Rattlidge, Evered & Company Ltd., Smethwick, 40, Staffordshire. 


Secretary: 


I. B. King, Assistant Education and Technical Officer, 10 Chesterfield Street, London, W.1 


EDUCATION DISCUSSION GROUPS 
London Centre 


Chairman : 
C. C, Spanswick, 24 Mill Drive, Hove, 4, Sussex. 


Honorary Secretary: 
D. R. C. Holmes, 35 Sandringham Drive, Ashford, Middlesex. 
Midland Centre 


Chairman : 
W. L. Jackson, Senior Lecturer in Production Engineering, Chance Technical College, Smethwick. 


Honorary Secretary: 
N. Ward, 88 Sutton Oak Road, Streetly, Sutton Coldfield 
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The experience gained through manufacture of precision .« 
grinding machines for almost a quarter of a century, combined 
with extensive research into current customer requirements 
are co-ordinated to perfection in this extremely sturdy machine 
with controls streamlined for ease and speed of operation and 
accessibility for servicing the keynote of construction. 
Although primarily a plain grinder with a considerable 

















reputation for output, accuracy and finish of components; ‘ 
a wider range of equipment provides facilities for grinding 
convex and concave radii, angle and shoulder work, special form 
and centre grinding. A self-contained internal grinding type 
attachment supplied to order converts the basic machine 
: into a precision semi-universal grinder. 


full details on request to 


NEWALL GROUP SALES 
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The application of electronic profile turning and boring 
equipment to the Webster and Bennett range of vertical 
boring mills opens up a wide new field of uses for these 
versatile machines. Although specifically designed for 
copying applications, when not required the electronic 
control may be disengaged and the machine operated as a 
standard machine under mechanical control. 

Machine capacities range from 36” to 72” chuck diameter, 
and machines can be supplied with or without the electronic 
profiling equipment. 





WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 
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PRODUCTION 





TOOLING 


REVOLUTIONISED 


NEW 


TOOLING 


AIDS 
SERVICE 


GIVES OFF-THE-SHELF DELIVERY 


Here’s great news for British Industry 

For the first time in this country a really complete range of 
standardised precision tooling aids is available for immediate 
off-the-shelf delivery. This service, developed by the Woodside Die 
Sinking Company, completely revolutionises production tooling. 
Now it is possible to choose all the tooling aids needed for a specific 
production requirement from a standard catalogue. Uneconomic 
“one-off”’ tooling aids are a thing of the past: so too are production 
delays and broken delivery dates—the Woodside service with 
off-the-shelf delivery has ended all that. 

The Woodside Tooling Aids Catalogue detailing the complete 

range is available on request, and a staff of experienced engineers 
is ready to help users plan their production tooling from the outset. 


WDS TOOLING AIDS FOR INDUSTRY 
Woodside Die Sinking Company Limited, Aire Vale Works, Newiay, Leeds 13 
Telex: 55185 


Telephone: Horsforth 4251/4 Telegrams: Wooddie, Leeds 
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i _.. hydraulic copy forming 


‘ oe 


SURFACING & BORING LATHE 


This surfacing and Boring Lathe (Type 12SV6) Nine changes of feed give sliding feeds from 25 to 
swings 28 in. and admits 2 ft. 6in. between chuck 282 c.p.i. and surfacing feeds from 66 to 740 c.p.i. 
and turret. Eighteen changes of speed are provided A quick power traverse to the surfacing motion is 
in the headstock and a variable speed box controlled fitted. Write today for full details. 


from the traverse of the surface slide gives constant 
cutting speed for surface copying. The complete GEORGE SWIFT & SONS LTD 
form of the surface can be copied at one setting. HALIFAX - ENGLAND 


Sales and Service for 8 Monee PROX =the British Isles 


DRUMMOND-ASQUITH LIMITED 


KING EDWARD HOUSE. NEW ST. BIRMINGHAM Phone’ Midland 3431. Also ot LONDON Phone Trafalgar 7224 & GLASGOW Phone: Central 0922 








The Institution of Production Engineers Journal A47 





FASOui tty 


en el 


UNIT TYPE MACHINES 


fully engineered 
for high-output production 





ASQUITH 74/10 h.p. Screw feed{ 
unit. Type MHS. 





The example illustrated is a five station, rotary 





















table machine for drilling, reaming and milling 
operations on automobile spring hangers. A 


a veIEr. 


vertically mounted 7} h.p. unit is arranged with the 
milling attachment and a 2 h.p. unit with 
multi-head and bush plate is also mounted on a 
vertical column. Another 2 h.p. screw unit operates 
horizontally. The 3 ft. dia. hand indexed table 





incorporates an air lift feature to reduce operation 
fatigue and clamping is automatic. The table is 
controlled by the foot valve at the base. 

lf you manufacture components in large quantities 
which require several machining operations, it will 
pay to investigate the possibility of producing them 
on an Asquith Unit Type Machine. Units from 
+ h.p. upwards can be applied for multi-way, rotary 
transfer and in-line transfer operation. 


WILLIAM ASQUITH LTD. 
HALIFAX - ENGLAND 


sa scsi SSL Se OO SRE: 


ponent 


Sales and Service for SA MMUrOOTOR — the British Isles 
DRUMMOND-ASQUITH LIMITED 


KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trafalgar 7224 & GLASGOW Phone: Central 0922 
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The hydraulic press for high-output 


The illustration shows a 12 ton Hi-Ton hydraulic press equipped with the standard 
Hi-Ton electro mechanical indexing table which is arranged with eight indexing 
stations. The table rotation is controlled by the return stroke of the press and the 
whole unit can operate on a continuous automatic cycle. 


The Hi-Ton hydraulic press can be pre-set to operate at any required pressure 
from zero to maximum of the press — a feature which ensures maximum tool life 
and therefore still further gains in output. 





Ne are 
Today, 
i grov 
of part 
breakd 
wery ¢ 
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The st 
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exactir 
woe facture 
il HYDRAULIC PRESSES only— 


Meltin 


Sales and Service for  ‘@™enex™™ the British Isles 
DRUMMOND-ASQUITH LIMITED 


KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trafalgar 7224 & GLASGOW Phone: Central 0922 
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You cannot get better 


screws than Unbrako 


because no better screws 








Ne are living in an age where things are moving faster. 
Today, there is a greatly increased tempo in technology, 
i growing complexity of design and a multiplication 
of parts. 

Breakdowns become more costly and more likely unless 
‘very Component part is designed to stand up to the job. 
Jnbrako Socket Screws cost less, far less, than trouble. 
The steel from which they are made comes from the 
Unbrako Steel Division. No ordinary steel either. Clean 
ind free from inclusions, it is produced to our own 
‘xacting formula and supervised at all stages of manu- 
‘acture by skilled metallurgists. They aim at one standard 
only—a steel fit to be made into the world’s finest screws. 
Melting, cogging and drawing, plus every inspection, 


=) are made 


check and test that will produce flawless material, is also 
carried out in our own steel works by highly trained 
technicians and chemists. 

And finally the screws themselves. These are produced 
in our modern plant at Coventry where the wire is con- 
verted by cold forging to the famous Unbrako Socket 
Screw. Inspection, analysis and quality control checks 
carried out during the entire sinned of manufacture 
ensure that every Unbrako -— ms s apaaaimmaemamess 
Screw has the performance Lh 
that spells reliability. You 
cannot buy a better screw 
-specify Unbrako-always. 
Write for free samples. 











UNBRAKO SCREWS COST LESS THAN TROUBLE 


UNBRAKO SOCKET SCREW COMPANY LIMITED . COVENTRY 
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All Tungsten Carbide Cutting 
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No. 7 TURRET LATHE 





FITTED WITH 12inTUDOR 3-JAW CHUCK 





STEEL FORGING 


40 Ton Tensile Steel 




















En.8. 
Too! Position __| Spindle | Surface Feed 
DESCRIPTION OF OPERATION | Speed Speed Cuts 
Hex. Turret | Cross-slide R.P.M Ft. per Min. | per inch 
1. Grip Forging in Three-Jaw Chuck a = | 
2. Turn Outside Diameter - - + — |Ffront 1] 416 | 765 266 
3. Undercut and Face Flange and Chamfer eas ae 
O/dia. - - - - - - oa Front 2 416 765 Hand 
4. Screwcut O/dia. x 11 T.P.I. (7 cuts) - ae Front 3} 280 495 111 T.P.I. 
5. Face End - : - - - - eS Front || 675 1193 52 
6. Bore.Undercut and Chamfer + | — 416 408 134 
7. Screwcut Internal Thread 11 T.P.I. _ — 
(7-cuts) - - - . + — Rear 416 408 /|11T.P.I. 
8. Remove Part from Chuck - . 4 — = 
| 

















Total Floor-to-Floor Time for above operations: 5 minutes. 


NOTE:— Time for cutting external thread |! T.P.1. (7 cuts) 40 seconds 
Time for cutting internal thread || T.P.I. (7 cuts) 36 seconds 





20 SELLY OAK 


BIRMINGHAM 29 


LTD TELEPHONE SELLY OAK 1/3/ 
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SHIPLEY  (@@y) yornsuiree 


TELEPHONE -; 532.311 
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The Ilford AZOFLEX Model 221 
Combine printing and developing 
machine (formerly known as Model 
42/63 Mark II) employs safe, odour-free 
AZOFLEX chemicals—just one of the 
many special features that make it the 
ideal photoprinting machine for print 
room or drawing office. 















Capacity: rolls and cut sheets up to 42 in. wide. Printing speed: 
6 in. to 154 ft. per minute. Lamp: H.P.M.V. MA/U 2,000 watt. 
Dimensions: height 50in., width 67in., depth (tray extended) 52in. 
Weight: 850 Ib. 


Subject to certain conditions, the majority of AZOFLEX photoprinting 
machines can be hired as an alternative to outright purchase. 


ILFORD Geezer are: 


PHOTOPRINTING MACHINES & MATERIALS 


Full details frum 
ILFORD LIMITED, INDUSTRIAL SALES DEPARTMENT AZI17 AA 
ILFORD, ESSEX. TELEPHONE: ILFord 3000 

















Rapid, high-quality photoprinting 


Exposing, developing and drying operations 
completely synchronized. 


All controls accessible from comfortable 
working position. 


High continuous output easily maintained by 
one operator. 


Excellent copies obtainable from old or faded 
originals. 


Comprehensive maintenance service available 
at nominal cost. 


and no unpleasant fumes 
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— assembled to customers’ 
drillin g requirements 


Herbert All-electric Drilling Machines are made in ten 
types for drilling holes from the very smallest, at 18,000 
r.p.m., up to 1}” diameter. 


This equipment meets all general-purpose single or 
multi-spindle requirements. Unit construction and inter- 
changeability enable special requirements to be easily met, 


We will quote for machines and equipment to meet 
special requirements for drilling, tapping and associated 
operations. 


Taree Type M Multi-spindle top columns on a common base for drilling seven *328" dia. holes and drilling 
and tapping five }” dia. 26 t.p.i. holes in a gearbox inner cover. Cover located in traversing fixture. 


Floor-to-floor time is 3 minutes, 


= LTD., COVENTRY 











A54 The Institution of Production Engineers Journal Th 


its the little things that matter | 






























‘High precision engineered 
components with an } 
established reputation 
for quality... 

Minor items maybe... 
but of major importance 
to the efficiency of the 
modern motor vehicle. ) 


Water Pumps, Oil Pumps, 
Steering Idlers, 

Clutch Plates,. 

Gear Change 
Mechanisms, 

Bearing Boxes, 

Brake Drums, 

Push Rods, Ball Pins, 
Shackle Plates, 

Axle and Hub Assemblies, 
Thrust Plates and 
Assemblies, 

Machined Components 
of all kinds. 








CONCENTRIC MANUFACTURING CO., LTD. 


Teleph ; & ee 
TYBURN ROAD - BIRMINGHAM 24 elephone: EASt 2081-2-3-4-5 
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The efficient movement of materials 
and components is a job for the expert 
—it is not a problem for you to worry 
about. We, at KING’S, have for 
40 years been solving these problems 
of materials handling and we like to 
think we know most of the answers. 
Call us in, we’!! take the load 
off your mind! 


CONVEYORS 


\ rae OS 
— Za * = —<Z— 
oa Las 
<== 


CRANES 





Have 
vou 


problem 


Yj 
Yj 


Tick those items of interest to you, 
add your name and address and send 
this coupon to us. We shall be 
pleased to send you literature or one 
of our representatives will call on you 
—anywhere in the world. 


ed 


CONVEYORS 





CRANES 





ELECTRIC PULLEY BLOCKS 





OVERHEAD RUNWAYS 





ADVISORY SERVICE 


ocd dpthaiticilive’ 








To: 
GEO. W. KING LIMITED 
Argyle Works, Stevenage, 
Herts. Tel: Stevenage 440. 


Name 


Address 


oo 


L 


i 1 





REGISTERED TRADE MARK 


Leaders in 
MECHANICAL HANDLING 
for 40 years 
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CUSTOMERS OF CARBORUNDUM 


Bert Kilgour has worked at the main 
factory of A.V. Roe & Co. Ltd, at 
Chadderton, for 40 years, and is now 
the senior foreman of the toolroom, 
in which 300 men are employed: 
““Must be one of the biggest tool- 
rooms in the country,’’ Bert says. 
“We started getting grinding wheels 
from CARBORUNDUM in 1936, and 
they’ve supplied most of our wheels 
ever since then. That’s for the whole 
factory — not just the toolroom. 
Why? Well, because their wheels do 
a good job, and give us good service. 
They’ve always been ready to help 
us when we’ve asked them to.”’ 









“The tools for machining 
jobs on the Avro Vulcan 
are mostly ground 

on wheels from 


CARBORUNDUM” 


says Bert Kilgour 





som & i 





Products by 


CARBORUNDUM can help YOU 


In mostofthe majorindustries, of the world, CARBORUNDUM 


is helping top firms to make better products, to cut costs, 
and to speed production. In the sharply competitive Cc A R B re) R U h? D U and 
industrial climate of today there are three main conditions 


for success: high quality, low prices, and early deliveries. 


CARBORUNDUM can help you to meet them all. can cut your costs 





TRADE MARK 


THE CARBORUNDUM COMPANY LIMITED: TRAFFORD PARK:-MANCHESTER 17 : Phone: TRAfford Park 2381 
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ventilated motors 


THE ENGLISH ELECTRIC Company LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2 


PRESTON 





perfect ventilation 
and complete protection 
in all 4 positions 


With the more efficient ‘straight-through’ ventilation system, ‘ENGLISH ELECTRIC’ ventilated 
motors to BS.2960 give complete protection in virtually all positions. There are no openings 
in the frame and whether the motors are mounted on floor, walls or ceiling, the ventilation 
noles can be directed downwards to exclude dripping moisture. Available for foot-, flange- 
or skirt-mounting 4-50 h.p. 
Monthly stock list and descriptive publication DM/239 sent on request. 


ENGLISH ELECTRIC 






Tian STANDARD 


Industrial Motor Works, Bradford 
RUGBY * BRADFORD < LIVERPOOL «+ ACCRINGTON 












High Speed Automation 


that’s the new fully automatic Dico machine. It solves 
the delicate problem of packaging fragile fluorescent 
tubes with speed and efficiency, cutting down manual 
labour virtually to nil. The new Dico machine inserts 
fluorescent tubes with standard bayonet cap ends into 
corrugated paper sleeves, folds and staples both ends, 
and packs them into cartons in 5 rows of 5 at a rate 
of 1,000 per hour. Bader Machinery Ltd., are now 
the sole selling agents for this machine. 

In addition to their standard range of capping and 
wrapping machines, Dico will design and manufacture 
special purpose machinery to customers’ individual 
requirements. Dico experts will be pleased to discuss 


your particular problems in confidence. 


DESIGNS & INSTALLATIONS LTD. 


28, Queen Anne’s Gate, Westminster, London, S.W.!. Telephone: WHitehall 8892 
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Dico do it again 
1000 fluorescent tubes packed per hour ! 

















For full details write to 


(Dept. G.E.) 


A member of the Southern Areas Electric Corporation Group 


64904 GE 
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AVERY have their own fool-proof method of dealing 
with the harmful effects of out-of-balance in 
rotating parts. Oscillation measurements (a) 
quickly determine the variation from uniform mass 
distribution about the fixed axis of rotation (b) 
bring these variations together into measuring 
planes, and (c) show them in components, or as a 
vector value. 

But each rotor has its own individual characteristics. 
Every one must be considered as a separate entity 
in terms of weight, diameter, compensation planes, 
etc. When in motion (remember, you can't detect 
out-of-balance in a static workpiece) other all- 
important factors are involved; the best form of 
drive, correct speed, appropriate bearings.... 
Only a dynamic balancing programme which meets 
all these requirements can be considered adequate 
to deal with any one specific workpiece. AVERY 
have perfected just such a programme....a whole 
range of machines to suit any type of component. 
Whatever your particular problem in this field, 
AVERY has the answer. Send for illustrated booklet 
No. DB 5934 or write to the address below. 





AVERY 


W. & T, Avery, Limited, Soho Foundry, Birmingham 40 





for 
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Deal with out-of-balance 
once and for all 


\ 


ELECTRODYNAMIC BALANCING 
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Photographs by courtesy of the YALE & TOWNE Manufacturing Co. 






Materials Handling Division, Wednesfield, Staffs. 


Manufacturers of YALE Materials Handling Equipment 


JAMES ARCHDALE & CO. LTD. 


Registered Office: Ledsam Street, Birmingham 16 
Telephone: EDGbaston 2276 


Works: Blackpole Works, Worcester 
Telephone: Worcester 2708! (6 lines) 


A member of the Staveley Coal & Iron Co. Ltd., Group 


Sole Selling Agents: 
ALFRED HERBERT LTD., COVENTRY. Telephone: Coventry 89221 
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ALE & 


MEDIUM DUTY | 
HIGH SPEED RADIALS | 


Assure high drilling 
rates at YALE & TOWNE 


Because of their wide speed and feed 
range, simplicity of control and high 
penetration rates, ARCHDALE high speed 
radials assure maximum output in this 
and many other factories. 

Sizes range from 4 ft. to 7 ft. radius 

for drilling up to 2in. diameter 

in mild steel. 


N.B. Our illustration shows a 5 ft. 
machine drilling handle attachment holes 
1.37/64 in. diameter in driver gear housing 
for light overhead cranes. 
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THE MEW 


300 





WU 





FLEXIBLE SHAFT MACHINE 








QUICKER SPEED CHANGE 
LIGHTER TO HANDLE 
EASIER TO MANOEUVRE 


FINER FINISH OBTAINED The M300 is an entirely new 


machine specially designed for 
use in the tool room and in all 
cases where finish is of paramount 
importance. Optimum speeds are 


, available for cutters in steel or carbide. 
Details from 








B. O. MORRIS LTD., MORRISFLEX WORKS, BRITON ROAD, COVENTRY. TELEPHONE: 53333 (P.B.X.) 
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DEDICATED to your SER VICE 





problem presented is a problem solved—when placed before this organisation of 
technical specialists in metal cleaning and stripping. “S.A.C.” service 1s nation-wide 
—its representatives able to advise you on the spot—its recommendations backed by the most 
up-to-date laboratory and manufacturing facilities, “S.A.C.” processes cover every phase of 


cleaning, servicing and protecting all metals during manufacture and maintenance. 
c fo) ° fe) 





SUNBEAM ANTI-CORROSIVES LTD. 


CENTRAL WORKS + CENTRAL AVENUE WEST MOLESEY - SURREY 


Telephone: Molesey 4484 (5 lines) Telegrams: Sunanticor, East Molesey 
; : Manufacturers of . 


STRIPALENE * FERROCLENE «+ ALOCLENE * FERROMEDE «+ BRAZOCLENE 
(Regd. Trade Marks) 


APPROVED BY ADMIRALTY, WAR OFFICE AND AIR MINISTRY 
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Speedomax “H” with 
Series 60 Contro! 


Here is a completely new model of 

the Speedomax Type H potentiometer 
with additional controls now an integral 
part of the main instrument. 


It is very compact, saving much panel 
space, being only 172” x II”x II” 


The Control pulls out like a drawer. 











Yes! YOU’RE 
YEARS AHEAD «i: 


SPEEDOMAX “H” 


The compact instrument (11” x 12”) at low cost 


B beat line of indicators, recorders and controllers is unique—there is no 
comparable instrument available to you today. It is compact, all elements 
being readily accessible and all major components plug-in, and all moving parts 
operate by means of a common shaft driven by the positive worm gear of a high 
speed balancing motor. Limit of error is + 0°3% and balancing time | to 5 seconds. 


It is lower in cost than any comparable electronic potentiometer 
available today. 





Entirely new, and quite outstanding is this latest L & N introduction —Series 60 

Electronic Control. It provides single-action (proportional), 2-action (proportional 

and reset) and 3-action (proportional, reset and rate) control, and is offered as a 
separate unit. 


Send now for descriptive literature 


INTEGRA, LEEDS & NORTHRUP LTD. 
183, BROAD STREET, BIRMINGHAM, 1I5 
Telephone: MIDLAND 1453/4 Telegrams: FLOMETER, BIRMINGHAM 


British made in Birmingham 
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LOCKHEED 
DISC BRAKE 
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‘Performance’ 
and 


2 


= ° production 


rank equally 


The new Wolseley 6-99 and the new Austin A-99 are fitted with Lockheed 


disc brakes; other B.M.C. models are fitted with Lockheed drum brakes. 


The use of these systems by B.M.C. is significant; they have these factors 
in common; to the user they mean dependable braking, characteristic of 
all Lockheed manufactures; to the production engineer they mean sensibly 


planned units, lending themselves to rapid and accurate assembly. 


Locknese 


REGD TRADE MARK 


LOCKHEED HYDRAULIC BRAKE COMPANY LTD. 
LEAMINGTON SPA - WARWICKSHIRE » ENGLAND 


= ONE OF THE AUTOMOTIVE PRODUCTS GROUP 
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Uitra Sensitive 
Multi-Purpose VDF 
Unicop I Copying Lathe 


= So sensitive it can produce a sphere. 


@ ideal for workshops where a single-purpose copying 
lathe would be uneconomical. 


m For normal and copy turning. 


m Suitable for longitudinal, external and internal copy- 
ing and face copying. 


w Electronic-hydraulic. 


” 


= Copying traverse up to 294” and cross copying to 5’. 


Increased if required. 


m Can be delivered with high-speed headstock (top 
speed up to 5,600 r.p.m.). 


m Also available Unicop III for production copying and 
Unicop V giving greater capacity for shaft work. 

















BRIEF SPECIFICATION 


(3 models available) 


@ swing over bed 
203” 204” 264” 


w centre distance 
(normal turning) up to 
118” 118° 118” 


@ max. copying length 
39%” 39%” 39%” 


gw height of centres 
10” 10” 13” 


@ main spindle bore 
24” i 3” 


@ no. of speeds 
30 18 18 


@ speeds r.p.m. 


9-1800 22.4-1120 11.2-560 
28 -1400 14 -710 
35.5-1800 18 -900 


@ motor h.p. up to max. 
26 19 32 


Sole British Agents 


SYKES 


Machine Tool Co. Ltd 


Hythe Works, The Hythe 
Staines, Middlesex 
Telephone 

Staines 5076 (3 lines) 
Telegrams Sytool Staines 
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SPARK 


MACHINED 
from the 








(Above) An intricate electrode 
(Mazak) and finished workpiece (high carbon steel). 
(Top Right) the machine and power unit. 

Note the extra-large worktank. 

(Right) new filtering system 
to ensure clean dielectric. 


The latest 


SPARCATRON 


IMPREGNATED DIAMOND PRODUCTS LTD - OF GLOUCESTER - ENGLAND 


Sole Agents for the United Kingdom +» BURTON GRIFFITHS & CO. LTD - KITTS GREEN - BIRMINGHAM 33 
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| HEENEAN 
0 WATER COOLERS 


THE MOST UP-TO-DATE EFFICIENT AND 
ECONOMICAL FORM OF WATER COOLING 


HEENAN COOLERS 


use the same cooling water over and over again 
thereby quickly paying for themselves in reduced 
water costs on— 


DIESEL GAS AND PETROL ENGINES 

REFRIGERATING CONDENSERS — AIR 

COMPRESSORS — LIQUID CONTROLLERS 
PROCESS WORK ETC. 


oe 


fjveesterer:zam 


‘ Wi 
jae 











NT 


- HEENAN & FROUDE LIMITED (eNncineers) WORCESTER, ENGLAND 
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a DEMONSTRATION? 


IF YOU CUT, drill or grind glass, ceramics, 
carbide or any known hard material 

the Neven Mobile Unit will demonstrate 
most efficient production methods 

with diamond tools. May we send this 
Demonstration Unit to your works? 

The Sales Manager would be pleased to 
advise you when the Unit will 


be in your area. 














IMPREGNATED DIAMOND PRODUCTS LTD 


OF GLOUCESTER : ENGLAND 
TELEPHONE 21164 (3 LINES) - TELEGRAMS IMPREG GLOUCESTER 
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Plain talk 
about data processing 


From the time the first man stood on his hind legs 
and counted on his fingers, he has been using the 
best data processing system of all, the one in his 
cranium. He stored up his information and when he 
was faced with a problem he consulted his records and 
used them to decide on the right course of action. As 
his affairs grew more complicated and he turned into a 
business man he tried very hard to predict things to 
come. But the cold truth is, as he discovered when his 
crystal fogged over, the only real way to predict the 
future is to reconstruct the past and to study it in 
relation to present facts and future trends. Facts 
and figures are needed in accessible 
form, and that’s what modern data 
processing does for him. It also 
takes a great load of drudgery off 
his shoulders (and the shoulders 


of his staff). 
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Plain talk about I-C-T 


You do not have to be a big business to use I-C-T 
data processing equipment. The range is so wide 
— computers, electronic calculators, punched 
cards — that it is being used in businesses of all 
sizes, from huge undertakings like British 
Railways to small companies employing less 
than 20 people. 
I-C‘T service begins with your enquiry. 
Alongside your own executives, I-C-T specialists 
will study your business to see if I-C-T data 
processing equipment will help you. If it will 
they'll give you a detailed report of their 
recommendations and their economics, speci- 
fying equipment to meet your exact needs. 
I-C-:T trains your staff, and special courses 
ensure your executives gain the background 
knowledge to make the equipment earn every 
penny of its keep. The same service 
sets the installation on its feet and is 
available to you throughout its life. 
This is I-C-T service using all 
the resources of Hollerith and Powers- 
Samas, two pioneers of data processing, 








INTERNATIONAL COMPUTERS AND TABULATORS LTD 
HEAD OFFICE: 149 PARK LANE, LONDON, W.1 HYDE PARK 8080. OFFICES THROUGHOUT THE U.K. & OVERSEAS 
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Sintox 
Technical 
Advisory 
Service 
available without 
requiring technical 
advice on the 
application of 
Sintox Industrial 
Ceramics. Please 
any information 
required enclos- 


ing blue print 
if available. 


SINTOX 


material 


This service is freely 


obligations to those 


write for booklet or § 



























IS MANUFACTURED BY 


Sintox—an alumina ceramic—is resistant to 
corrosive atmospheres, solutions and 
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RESISTANCE TO CHEMICAL ATTACK 





answer to design problems 


conditions. Sintox is unsurpassed as an 
electrical insulator, and its properties 
also include good thermal conductivity 
and mechanical strength. Its charac- 
teristics are such that Sintox can 
be of service in the Electrical, 
Electronics, Mechanical and 
Nuclear Engineering industries. 


Edwards Instruments Ltd. 
selected SINTOX for their 
‘Telegas’ probe assembly for 
aluminium and aluminium 
alloy melts. Its qualities of thermal shock 
resistance and chemical inactivity are the 
salient features of SINTOX in this application 









RUGBY 


LODGE PLUGS LTD., 
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demonstration 
Made 





MAGNETIC BASE 
MAGNETIC VEE 


and 


in 


AUN 

















for more 
os accuracy 
| - more easily 
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Two of the “Eclipse” -range of 
Magnetic Tools designed to speed 
production. 


Magnetic Vee Blocks are supplied 
singly or as matched pairs. 


Magnetic Bases in two sizes, with 
complete set of fitments. Packed in 
polished wooden boxes. 


BLOCK 


usual 
& Co. 


Good value for more accuracy. 


Magnetic Tool distributor 


Led. 


‘Eclipse’ 
(Sheffield) 


from your 
Neill 


supplies 


Sheffield by James 


PM 158 
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| reversible (ype lead screw 
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.. a feature 


py Distance 


E LATHES — Designed for the operator 
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of the SMART & BROWN 


4in. §.8./S.C. PRECISION LATHE 


SEED Ns 
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between centres: 18’. ?” Collet capacity 


25 MANCHESTER SQUARE LONDON W.! 


MAKERS OF PULTRA MICRO LATHES AND GRINDING MACHINES 


Member of the GAS PURIFICATION AND CHEMICAL GROUP OF COMPANIES 
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Spend 88% less on press 
tools for short to 
medium runs | 


Crosland wooden based blank and pierce dies 


















































Thi 
* are up to 88% cheaper than orthodox tools 
me 
* save up to 96% bench time compared to hand 
methods for short to medium non-repetitive runs an 
* are suitable for steel, non-ferrous and non-metallic styl 
materials 
(0) 
* have super-hard steel cutting edges set in densified L4 ” 
laminated material of high tensile strength _ the 
* blank and pierce in one operation S for 
* give clean, even results | the 
* are cheap to maintain and modify stat 
LEARN THE STORY:BEHIND THESE FIGURES 7 
FI ) pla 
Write for fully descriptive literature to: 5 dur 
‘ 
WILLIAM CROSLAND LIMITED - BREDBURY - NR. STOCKPORT - 
Telephone: WOODLEY 2621/2 Bes 
in j 
ing 
on 
Ara 
ee ebo ey eee! §«=6SAWING or 
too 
for 
MACHINERY for 
tric 
The Russell Hydrofeed range for 
includes : as | 
e Straight and angular cutting eae 
models ¢ Automatics ¢ Verticals = 
e Special Billet cutting models for 


Patented Features : 


e Interlocking Vices — for easier 
setting ¢ Hydraulic Circuit — 
for efficient cutting 


SHARPENING 
MACHINE 
Capacity 

11” to 48” blades 


S. RUSSELL & SONS LIMITED Sy (3 O ‘HYDROFEED’ 


~~ COLD SAWING 
LEICESTER, ENGLAND : MACHINE 


Backed by over 40 years’ specialised experience Ry ; ; _. 4utomatic 
bar feed 
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Identical twins 


; 






































This die-sinking machine is producing a 





metal punch for a car door outer panel, from 


— 
oan 


a model made of Araldite epoxy resin. A 


tgs) 


stylus engages with the Araldite model, and its 


movements are repeated exactly in producing 
the metal punch. 4/5 weeks are required 
for the production of this punch, and 
the Araldite model retains its dimensional 


stability, in contrast with the distortion and 





fragility associated with the use of wood and 


} plaster models. The Araldite unit is tough, 





durable and does not deteriorate in storage. 
Further information on numerous applica- 
tions of Araldite in tool making is contained 
in a recent publication “‘Araldite for Tool- 
ing” manual E.T., which will be sent gladly 
on request. 


Araldite epoxy resins are used 

for producing patterns, models, jigs and 
tools. 

for casting high grade electrical insulation. 
for impregnating, potting and sealing elec- 
trical windings and components. 

for producing glass fibre laminates, 

as fillers for sheet metal work. 

as protective coatings for metal, wood and 
ceramic surfaces. 

for bonding metals, ceramics, etc. 


Araldite 





Araldite is a registered trade name 


epoxy resins 
CIBA (A.R.L.) LIMITED, 


Duxford, Cambridge. 





Telephone: Sawston 2121 
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S.G. Br own Ltd. are precision-wise 






with G OU | d Cl J gear measuring 


equipment Sai 
Goulder No. 2 Rolling 

Gear Tester recording the 

accuracyofanS.G.BrownLtd 


S.G. Brown Ltd. insist on precision and speed in checking gear measurements— 10” aluminium bronze gear ’ 
’ ‘ F 24 D.P. cut to Admiralty 
that’s why they use Goulder equipment. Class 1 Specification. / 
he 


Designed with the greatest attention to detail] and made from specially 








selected materials, Goulder equipment embodies the 


highest standards of accuracy and craftsmanship. 


The comprehensive range of Goulder gear measuring instruments includes 
five types of rolling gear testers, as well as lead measuring machines and 


involute testers. Special machines can also be made for particular requirements. 


Goulders also make 
Worm and wheel testers - Hob tester 
Pitch testers * Sine tables 
Universal beam calipers * Jigs, fixtures 
Tools and gauges * Aircraft components 
We shall be pleased to advise on the best method of gear 
measurement for your needs — just telephone or write to: 


J. Goulder & Sons Ltd. 


Kirkheaton, Huddersfield 
Telephone: Huddersfield 5252-3 








POLYPENCO NYLATRON GS TUBES 


NOW AVAILABLE IN 15 SIZES 









NYLATRON GS SPECIAL 
PROPERTIES PROLONG 
WEARING LIFE OF 
WORKING PARTS 


POLYPENCO “ Nylatron” GS is one é 

of the newest compositions available : ; 

to designers. This special nylon = 

formulation results in a product with 

proven property advantages. 

Greater Rigidity — Parts have higher modulus of elasticity, show less deformation under load than nylon 66. 
High Heat Distortion Temperature — Nylatron GS parts have higher heat distortion temperatures than standard 
nylon 66. Low Thermal Expansion — Coefficient of thermal expansion is approximately 60°%/, of nylon 66. Low 
Surface Friction — When wear parts must run dry, Nylatron GS parts operate without lubrication. High Wear 
and Abrasion Resistance — Part surfaces resist abrasion and demonstrate long wear in contact with metals. 


PO LY P EN CO acai: a, ; eae i illne 


























HAMBERS 
now cast in MEEHANITE 


Our large modern foundries at Thorncliffe can now produce all classes and sizes of castings in the 
various types of Meehanite metal. This important addition to our already very extensive foundry facilities 
enables us to offer an exceptionally skilled and comprehensive casting service. Our long experience of 
serving almost every major industry gives us a unique understanding of special needs and problems. 


Whether you require one casting or thousands, we can meet your needs promptly, in sizes from a 





few pounds up to 20 tons in weight. Production methods include light, medium and heavy machine 
moulding ; also floor, loam and shell moulding. A skilled patternmaking service is at your disposal. 
Your machining and fitting requirements can be undertaken by our fully modernised machine shops. 


All enquiries will receive immediate attention 





ENGINEERING DIVISION - THORNCLIFFE + SHEFFIELD 


ENGINEERS OF PROGRESS 
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If you drill or tap HOLES in metal, 


do ask us to tell you how the 





HUNT Tolerance-Masters 


can save you plenty of money. } 
Almost everybody who knows about them | 
uses them. Write for leaflet No. 14. 


s __ACOMPANY 
| TOF THE 
Sg EXPERT 

4 Toot GROUP 





Herbert HUNT & Sons Limited 


Elsinore Road, Old Trafford, Manchester 16 


(Trafford Park 0663/4) 














WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
A COMPLETE RANGE TO SUIT ALL DUTIES 
















Whatever it is you need—large or small capacity 
—high or low pressure—we can supply the best 
machine for the purpose, and our fifty years 
of specialised experience are at your service. 


REAVELL & Co. Ltd. 


IPSWICH 


Telegrams: Reavell, Ipswich § Telephone Nos.: 2124-5 
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A GENERAL PURPOSE) OE 7 Pra 
» MACHINE OF GIR! 


UNUSUALLY BROAD | GRINDING MACHINE 
UTHUNTY 



































Controls arranged for 


efficient operation. 


Wheel Spindle adjustments 
give maximum flexibility of 


set-up. 


Motor-driven headstock 


has angular adjustment 


Universal Head facilitates 


cutter sharpening. 


Wide range of additional 
attachments. 


Above shows No. 13 Grinder complete with Exhaust attachment, an optional extra. 


HIGH OPERATING EFFICIENCY GIVES MAXIMUM OUTPUT 


Controls on the No. 13 are simple in design, conveniently located and easily manipulated. Six rates of power table travel 
are provided — readily changed from the front of the machine. A convenient start-stop iever controls headstock spindle and 
power table movement —or headstock only. The face plate can be made “free” instantly for truing up work and the four 
work speeds cover a wide variety of work diameters. 


Three grinding wheel speeds, changed without removing the wheels from either end of spindle, provide excellent conditions for 
the standard wheels and also for extremely small wheels used in tool grinding. 


For full details of this machine write to Sole Agents in the United Kingdom 


BUCK & HICKMAN LIMITED 


OTTERSPOOL WAY, WATFORD-BY-PASS, HERTS. Head Office: P.O. Box No. 74, Whitechapel Road, London, E.1. 
BRANCHES: ALPERTON - BIRMINGHAM - BRISTOL - GLASGOW - LEEDS - MANCHESTER 


A FEW OF THE MANY ATTACHMENTS AVAILABLE WITH THIS MACHINE 





Circular Form tool A typical form tool Hob Grinding Radius Grinding Magnetic Chuck mounted on 
grinding equipment. grinding job. Attachment. Attachment Surface Grinding Attachment, 
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THE 


BAKER 
STERIMAG | 








Three-dimensional Stereoscopic Vision * X10 | 
or X20 Magnification * Long Working Dis- ( 
tance * Wide Field of View * Useful in every | 


Workshop and Laboratory * Price from £30 \ 


C.BAKER INSTRUMENTS LIMITED 


Writ l t 
rite for leafle Metron Works, Purley Way, Croydon, Surrey. Tel.Cro 3845-67-8 









MAKING 


SPECIAL TOOLS: PRESS TOOLS 
DIE-CASTING TOOLS 

JIGS & FIXTURES 

PLASTIC MOULDS 








UNIVERSAL TOOLS LTD Tramway Path, Mitcham, Surrey 
E 


g Telephone : MiTcham 6111 
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a NEW development 
ta HACKSAW Aesiga 

















The Vaunsaw Automatic Hacksaw 
embodies in a British-built machine 
design features to bring it in line with 
the considerable advances made in 
other metal-cutting precision machine 
tools, achieving fast cutting rates, 
accuracy of length, squareness, and 
minimum material wastage. Capacity 
— 6in. round or square; strokes per 
min. — 145 max.; bar feed length 
(standard) — 15 ft. 


VAUGHAN iiaiaiaieenscre 


on your own material 





ASSOCIATES LIMITED 





4 QUEEN STREET - CURZON STREET - LONDON + W.I Tel.: GROsvenor 8362 


Midland Office and Demonstration Rooms WILFORD CRESCENT ° NOTTINGHAM . Tel: NOTT 88008 
NRP 1711 
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HEADS FOR HORIZONTAL AND 
VERTICAL GRINDING WITH THE 
BROCKHOUSE UNIT GRINDING 
HEAD AND TRUING DEVICE. 


%* Easily adaptable on most standard machines. 
%* Rapid and accurate. 
* Slideway Grinding Enquiries invited. 








UUUUUUUUUAUOAUUAAOOAUOO4444444044004000000EEEEOEEEOLE 

SPECIALISTS IN 

MACHINE TOOL 
REBUILDING 


Write for descriptive folder to: 


J. BROCKHOUSE & C0. LIMITED 


Machine Tool Division 
ELMS WORKS : PENN ROAD : WOLVERHAMPTON 
Phone: Wolverhampton 23801 


SETTING 


K ee " P 
Production time cut from se benccange 


the Brush Electrical 


1 i 
2: hours to 70 minutes | 727.5. 
2 Loughborough. Member 
of the Hawker-Siddeley 


on turbine component as 
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PUL ULELLELLELULL LULL 


fd 




























Hawker Siddeley Brush 
turbine component after 
being machined from 
the solid on a Wadkin, 
Type LC. Router. 








Using a conventional miller, the machining time 
on the diffuser (shown above) for a Hawker 
Siddeley Brush 30 Series Turbo Charger was 
44 hours. In addition, another hour was 
required for fettling. But now, this light alloy 
component is machined from the solid on a 
Wadkin Articulated Arm Router with cutting 
speeds up to 12,000r.p.m. The result is a time- 
saving of more than 75%. 

A demonstration on your components would 
quickly show you the economy and production 
potential of this modern, inexpensive machine 
tool. May we arrange it? 

































Wadkin Ltd., Green Lane Works, Leicester. Tel: 68151. London Office: 62-64 Brook Street, W.1. Tel: MAYfair 7048 








TEL 
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Modern light machine tools 

used under optical control ensure 

the consistent accuracy of 

Diatipt products. With this equipment 
the operator is presented with a 

clear magnified image of 

the Diatipt tool he is machining 


L.M.VAN MOPPES & SONS (o1amono roots) LTD 
BASINGSTOKE - HAMPSHIRE : ENGLAND 


TELEPHONE: BASINGSTOKE 1240 - TELEGRAMS: DIATIPT, BASINGSTOKE 
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Avoid all RUST in transit 








Finished metal parts are particularly liable to damage by rust in transit. 

All the time, skill and raw materials expended on their manufacture are wasted unless 
they are adequately guarded against oxidation. It is an inexpensive and simple 
operation to apply RODOL rust preventives to all finished metal products and give them 
complete protection for as long as is necessary The RODOL range includes non-drying, semi- 
drying and full-drying types, apart from de-watering fluids They can all be applied quickly by brush, 
spray or by dipping. Why take chances ? Investigate the RODOL range today and as a first 
step write for Publication SP.176 which describes all the RODOI. products and their uses. 






Y/ J, 
by, 


7 
~ 


7 














Protect goods before despatch with 


ia “ Rone 


FLETCHER MILLER LTD.,ALMA MILLS, HYDE, CHESHIRE. 
Telephone: HYDE 3471 (5 LINES) Telegrams: EMULSION, HYDE 


rust preventives 





CS Also ct LONDON, WEST BROMWICH, NEWCASTLE-ON-TYNE, CARDIFF, GLASGOW AND BELFAST SxS 


R45 











BRANDED BOLTS 








Each type of Newall bolt 
Newall Hitensile ... Newalloy ... 


Newallastic ... Newall Hi-tem... 


is branded with its own distinetive mark 


and is recognised by engineers as having 





“unique” qualities. 







© 
3 
™ 
a 
« 
z 





We shall be happy to supply any engineer 
designer who is interested with details of 
the various bolts and studs, which cover 
the full range of modern requirements. 







AND COMPANY 


LIMITED 












LOOK FOR THE NEWALL BRAND 
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NRP 2269 


£ COSTS 


Gase Study No. 2 


PRODUCTION OF MAGAZINE PLATFORMS 


' 


EXTRA PROFITS 


AM 


150 200 250 300 350 
PRODUCTION IN THOUSANDS 


DIEING PRESSES 
the Modem Method 


E.H. JONES 


NRP 2265 
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P.B. COW 
for rubber ~' 


Where time is money 
you need 


NELEF TIMERS 


Is time money to you? 





Then you should know more about Heuer timers. 
There is a model to meet every industrial 

need ; for instance the Heuer Ringmaster 

1 second timer has 7 interchangeable and 
individually calibrated dials. That may sound 
complicated but as with all Heuer timers, 

parts are standardised for quick repairs and 


replacements. Write for catalogue to : 


BAUME & CO. LTD. Rubber | P, B. COW & CO. LTD. 
Manufacturing 


50 Hatton Garden, London, E.C.1 aie, (Oe oe 
for every | 470 HIGH ROAD, STREATHAM COMMON, S.W.16 


Tel: Chancery 4331 Industry | Telephone: POLIards 4481 
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SY LINCOLN lead the field 


© with the completely NEW 
GAS WELDING DEVELOPMENT 


LECO No 1 All purpose 


iG 


J 





FLUX COATED Bronze Welding Rod 


4) 





For further details of LECO No. 1, 
the money-saving rod for oxy-acetylene 
welding and brazing, please write to: 


LINCOLN ELSCTRIC CoO ETP Gx) 


Welwyn Garden City. Herts . Telephone: Welwyn Garden 920/4 .4581/5 iran 











ELLIOTT 





48” < 113” table 
32” longitudinal traverse 
Power feeds and rapid traverses in all directions 


5 h.p. motor 
Backlash eliminator standard equipment 










48” X 11}” table 





5 h.p. motor 


Manufactured by - 


Telephone: ELGar 4050 (10 lines) 
Overseas Subsidiaries: 





WReanidmil 


MILLING MACHINES 


@ 
& 
es 
@ 12 spindle speeds 30-1,050r.p.m. or 43- 1,500 r.p.m. 
@ 18 table feeds 0.65-15in./min. or 0.93 -21.5 in./min. 
& 
o 


32” longitudinal traverse 

Power feeds and rapid traverses in all directions 

12 spindle speeds 30-1,050r.p.m. or 43 - 1,500 r.p.m. 
18 table feeds 0.65-15in./min. or 0.93-21.5in./min. Ourcomplete range of machines 


Backlash eliminator standard equipment 


B. ELLIOTT (MACHINERY) LTD. 


(MEMBER OF THE B. ELLIOTT GROUP) 
VICTORIA WORKS, 


The Institution of Production Engineers Journal 





















will be on view under power at 
our showrooms, from 7th - Iith 
December inclusive. WE LOOK 
FORWARD TO SEEING YOu. 






WILLESDEN, LONDON, N.W.10 
Telegrams: Elliottona, Harles, London 
CANADA, U.S.A., AUSTRALIA, S. AFRICA 





NRP9053 

















Capacity for case-hardening is now available in 
the most modern heat-treatment plant in London 


XK Gas or pack carburising with full metal- 
lurgical control over all operations 


XK Gleason quenching press equipment for 
pieces up to 36” dia. plus wide experience 
in the control of distortion 


x Flame-hardening of gears up to 10 ft. 
dia. with latest electronically controlled 


equipment 


E.N.V. ENGINEERING COMPANY LIMITED 
HYTHE ROAD * WILLESDEN °- N.W.10 
Tel: LADbroke 3622-3-4-5-6 

























Specialists for many years in complete 
manufacturing of Pneumatic equipment. 
Improved methods of production enable 
us to make surplus plant available for 
undertaking other products in the wide 
field of General Engineering. 


SPEEDY DEL AN oertive PRICES 
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ARE READy To 
SERVE YOU! 
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@ Horizontal and Vertical Milling. 
@ Turning Capacity 34” dia and 24” swing. 
@ Bar Automatics 13” dia max. @ Chucking Automatics 12” dia max. 
ALL ENQUIRIES WELCOMED 
COMMON LANE - KENILWORTH - WARWICKSHIRE 
Telephone Kenilworth 891 Telex 31551 
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WERSATILE {4 
TURRET 
MILLER 


for Milling, Boring, and Jig 
Boring at any angle, Keyway and 
End Milling, Die Sinking, Mould 
and Pattern Making. Machine 
illustrated is fitted with table 
power feed and slotting 

head as extras. 
















Head swivelled and tilted. 


Head angled, swivelled and tilted. 
For full details write to :- 


WAKEFIELD ROAD 


WOODHOUSE € MITCHELL | **°"2:"..°"° 


PHONE: BRIGHOUSE 627 (3 LINES) 


GRAMS: ‘WOODHOUSE BRIGHOUSE’ 
WM26 
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LORD CHANDOS —Chairman of ASSOCIATED 
ELECTRICAL INDUSTRIES LIMITED writes: 


“At one A.E.J. factory the average weekly fuel 
consumption has been reduced by 25 per cent. 
Action taken on the advice of the National Industrial 


Fuel Efficiency Service made this cut possible.” 


Cae. 


CALL IN N- I: F- E-S—INDUSTRY’S OWN NON-PROFIT-MAKING SERVICE 
FOR ADVICE ON THE EFFICIENT USE OF ALL FUELS, HEAT AND POWER 


For address of nearest Area Engineer write to: 


Rr . Fr -B 7 BSS] National Industrial Fuel Efficiency Service 


Head Office: 71 GROSVENOR STREET LONDON W1 - Telephone: Hyde Park 9706 


















Let us 
be your 
machine 
shop! 





Complete facilities plus 


precision & service second tonone | «°°! 2s 
shaping, honing, 


drilling, tool- 
@ Capstan and centre lathe work — 

a making, etc. 
@ Milling—all types to meet your 
@ Surface and universal grinding every need. 


@ G-SIP jig boring AID & ARB 


Approved 
MARSDEN & SHIERS LTD. 


Davis Road, Chessington, Surrey. Phone: Elmbridge 5333-4 











RELIANCE GEAR & ENGINEERING CO. 
(SALFORD) LTD. 
DICKINSON STREET, SPRINGFIELD LANE, SALFORD 3 
Phones: BLAckfriars 0164 & BLAckfriars 1715 
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Complete Hoist Control 
without Mechanical Braking 










One of five 10 ton Wharton 
overhead travelling cranes 
installed at the Metropolitan- 
Vickers new Transformer Works 
at Wythenshawe, Manchester. In 
the foreground are two 15 hp hoist 
motors each fitted with a 10” AC 
Perigrip brake. The travel motor in the 
background is a Type MZ slipring 3 hp 
motor. 








The new A.E.IJ. system of AC Crane Hoist Control 
employs two identical slipring induction motors, permanently 
geared to the hoist motion and running at the same speed. 


These motors running in conjunction give :— 





% Creep speeds hoist and lower, varying little with load. , - 
This illustration shows the contactor control gear and 


s Slow light hook speeds. dhs agence 
: Electric braking when lowering. EM 
* Lively hook on lowering notches. & Se, 
For further information, please send for illustrated leaflets OS = 
| py ¥ 
ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 
MOTOR & CONTROL GEAR DIVISION RUGBY & MANCHESTER, ENGLAND 





(8) mvconronarine THE MOTOR & CONTROL GEAR INTERESTS OF BTH & M-V V0 
1/C904 
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Sov DEPENDABILITY 
%® } and MACHINABILITY 
3 
MALLEABLE 


HALE “ino 


CASTINGS 
HALE. HALE 


‘MODERN MALLEABLE’? (2nd edition) 


If you have not had a copy, kindly send us a P.C. We shall be pleased 
to forward one, post free. 


) 








(TIPTON) 
Limiteo DUDLEY PORT Stofs 
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Bull fighters invite injury 
but press operators need 
Udal guards 








: is Be, et a { 2 _ ti . y 
 Hp\bse 
you can depend on CLYN 


J. P. UDAL LTD., Safety & Production Engineers, 
Court Road, Birmingham 12. Telephone: CALthorpe 3114/6 











measure in micro-inches 
without physical contact! 


This Electronic Micrometer measures with high accuracy* any distance 
from 100 to 45,000 micro-inches. This is achieved using one of a set 
of non-contacting probes—the instrument, in fact, measures the capaci- 
tance formed between the probe and the specimen, which is in direct 
relation to the distance separating them. The meter indicates balance 
or deviation from a standard set with the micrometer gauge. Facilities 
are provided for recording and remote or larger scale meter indication. 
A metric version is available. 


* Better than +1% on flat surfaces. 

Applications 

The Electronic Micrometer will measure :— 

PIECE PARTS Automatically + TOOL WEAR * STRAIN - METAL CREEP 


PRECISION GRINDING + DEPTH OF ETCH - TEMPERATURE COEFFICIENTS 
and can be applied in metallurgy and crystallography. 














WAYNE KERR 


Electronic Micrometer B721 


The Wayne Kerr Laboratories Limited, 
Sales and Service, 44 Coombe Road, New Malden, Surrey 
Telephone : MALden 2202 


@Mwxio 
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Thé 
PRECIMAX 


at INTERNATIONAL 
HARVESTERS LTD 


Cylinder head production is maintained at peak efficiency thanks to these PRECIMAX 
FB 1/3 Fine Boring Machines which perform the operations shown on the left. In the 
upper picture valve guides are fine bored and valve seats generated with automatic 
compensation for the difference between exhaust and inlet seat diameters. The lower 
picture shows the fine boring, counterboring and chamfering of injector bores. 

A growing number of engine manufacturers are finding that for accuracy, versatility 
and production efficiency in fine boring, the PRECIMAX automatic cycle 
machines are indispensable. 


LANDIS LUND LIMITED * CROSS HILLS + KEIGHLEY * YORKS 
TELEPHONE: GROSS HILLS 3211 
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600 Group Service 


to the 
POWDER METALLURGY 
INDUSTRY 





ai liers of 
We are supP mechanical and 
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i ses, 
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cae der, Electro- 
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ce for engineering and electrom 
te) 
components. 
Sole Agency | a 
f DORST Automatic Metal Powder 
or ~ | 











SONS AND COMPANY LIMITED 
ttt 


Wood Lane London W.12 Telephone: SHEpherds Bush 2070 
Telegrams: Coborn Telex London 
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CBI 


SPRINGS 


E Dp 
CRAWFoRD SPRING WORKS 











PRESENT COMPLICATED SYSTEM 
OF SERVO CONTROL 


PN EUMATIC ACTUATOR 


HYDRAULICS & PNEUMATICS LTD., WULFRUNA WORKS, VILLIERS ST., WOLVERHAMPTON. Tel.: 









FOR THE FIRST TIME— 
A LINEAR ACTUATOR WITH EXACT 
POSITIONAL CONTROL OF PISTON 
ROD EXTENSION 


@ Servo or non-servo @ Electric or 
mechanical input signals @ No-leak valve 
allows accumulator operation or small 
capacity pump ® Automatic lock valves 
incorporated @ Instantaneous response to 


controls @ Insensitive to temperature 
variations @ Accurate to any required 
degree @ Simple, low cost. 





Simply write for literature publication A501 [112 
24456 
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E.N.V. ENGINEERING COMPANY LIMITED 
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The 
Right Angle 
\ on the 


Drive 





\\ E.N.V. have exceptional facil- 

\\ ities for the manufacture of 
| spiral bevel and hypoid gears 
| in sizes up to 72”, and for the 
serial production of right angle 
drive units for a wide variety of 
industrial applications. 
Engineers who need right angle 
transmissions are invited to 
communicate with the E.N.V. 
Design Department at the pro- 
ject stage. 
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HYTHE ROAD 


Telephone: LADbroke 3622 


WILLESDEN 


LONDON N.W.10 
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ick SAFE Grip: 
A range of popular sizes to suit 
any T slot or clamping height. 
No loose parts to lose. 


Each size adjustable for height. 
Any quantity Ex stock. 


rockweLL HELICAL CLAMPS 


BRITISH PATENT 


Write or phone for leaflet giving 
prices, sizes and full technical details 


WELSH HARP, EDGWARE ROAD, 
ROCKWELL LONDON, N.W.2. Tel: GLA 0033 


For a 4 





Also at: Birmingham-Telephone ane 1134/5 
Stockport-Telephone Stockport 5241 Glasgow-Telephone Merrylee 2822 
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Radio-Frequency—too!! 





Over the years more and more companies have 
entrusted us with their components for FLAME 


| 
| 
HARDENING and learned its amazing possibilities. | 
| 


Meantime we have developed a RADIO- 
FREQUENCY Department and can offer service 


from Valve Generators up to 125 Kva. | 


On Starter Rings we have full automation. Yet 
we know there is still much to learn 


remarkable possibilities ! ! 





FLAME HARDENERS LIMITED 
Shorter Works * Bailey Lane - Sheffield | 


Telephone 21627 


















Wuite for our now fice dacuptue leaflot 


Here is the simple answer to your part numbering 
problems —a precision set of hardened steel type 
enabling you to make up any combination of letters 
and figures. 

Pryor Interchangeable steel type is made in seven 
sizes 1/32”, 1/16”, 3/32”, 1/8”, 3/16”, 1/4”, 3/8’’ and 
is available from stock as a complete fount (as 
illustrated) or as individual pieces and holders for 
hand or machine use. 





EDWARD PRYOR & SON LTD 
ENGLAND 


BROOM STREET SHEFFIELD 
PHONE SHEFFIELD 23161 (5 lines) 
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SEEGER CIRCLIPS are c{.Jo} SAFE 






On the 
Rolls-Royce 
approved list 





Automotive Engineering Limited 


(One of the Sheepbridge Engineering Group) 
é The Green, Twickenham, Middlesex 
Telephone: POPesgrove 2206/9 
Telegrams: Motif, Twickenham 








The Trumpf Universal Shearing, Nibbling, Flanging, and Forming 
Machines, Model TAS will perform these operations on ONE 
MACHINE WITH THE NECESSARY TOOLS, OR ON SEPARATE 
MACHINES TOOLED FOR ONE PARTICULAR JOB ... just right 
for experimental or batch production. Fast, clean, accurate work, 
saving much time and the extreme cost of heavy presses and tools. 


15 sizes cover a thickness range of up to .36in. with various throat 
depths, plus three NEW COPY-NIBBLERS for production blanking 
and piercing. 

Trumpf really means versatility. 


Full details or technical advice for 
your job from the U.K. agents 
Ww Cdwards Lid 


EDWARDS HOUSE, 359-361 EUSTON ROAD, LONDON, N.W.1 
Phones: EUSton 468! (7 lines) & 3771 (4 lines) Grams: B2scotools London NWI 


LANSDOWNE HOUSE, 41 WATER STREET, BIRMINGHAM 3 


Phones: Central 7606-8 Grams: Bescotools Birmingham 3 
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buy one machine to 


SHEAR 

NIBBLE 

FORM 

CUT LOUVRES 
CIRCLES 
RINGS 


flange, dish, bead and slot in all ferrous and 
non-ferrous sheets. 

















Complete in One Volume - - - - 





BUSINESS COMPUTER 
SYMPOSIUM ° 


This book comprises all the papers (with discussions) 
read at the Business Computer Symposium held 
during the 1958 Electronic Computer Exhibition at 
Olympia. It forms one of the most important and 
significant books for industry and commerce published 
in recent years. At six sessions, executives from con- 
cerns of diverse nature and size — both private and 
State owned, gave an audience of management the 
benefit of their own practical experience in applying 
electronic computer techniques to their particular 
problems. Delegates were invited to question the 
speakers, and the result was that every type of device 
and its use in every kind of concern was fully 
explored. Specific subjects ranged from wages 
accounting to sales analysis, as well as the latest and 
most advanced techniques of business mathematics. 
Every progressive executive should possess this book. 
From all booksellers, price 75/- net. 


PITMAN 
Parker Street - Kingsway - London WC2 














FOR ADVERTISEMENT SPACE 


T. G. SCOTT & SON LIMITED 





in this Journal 


PLEASE CONTACT 


1 Clement’s Inn, 


London, W.C.2. 


(Telephone: Holborn 4743) 


RATES AND FULL CIRCULATION 
DETAILS ON REQUEST 
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Industry’s new motorways 
speed heavy loads OVERHEAD 


Loads up to ten tons can be transferred smoothly across the factory with 
Underslung Bridge cranes specially developed by British MonoRail. With spans 
up to 200 feet they will straddle wide bays. The underslung principle permits 
interlocking between parallel cranes, and the transfer of loads from one bridge to 
another. When the cranes are installed as part of a complete MonoRail system, 
the load can be transferred beyond the crane area to any part of the factory. 


More advantages of MonoRail Underslung Cranes. Economical in headroom. 
Low in deadweight. All materials specially rolled, forged or cast for the job. Rubber- 
tyred crane drive eliminates track wear. Track of standard flange width and specifically 
designed for this purpose. Local, remote or automatic control optional. 


A complete Overhead System. Underslung cranes are just part of the MonoRail 
handling and transfer system. _It is an individually tailored system, covering every type 


After a survey of your plant, we produce a of installation from the smallest gravity drive to the most complex automated systems. 
tailor-made plan. This and the estimate are free. 


IF YOU WANT TO GET A MOVE ON 


Send for the man with the MONORAIL plan 
WAKEFIELD ROAD: BRIGHOUSE’ YORKS:* TELEPHONE: BRIGHOUSE 2244 


A member of the Herbert Morris Group of Companies TGA BM4 
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Rig ht Wheel | The choice of the right grinding 


wheel is always a vital factor, and never more so than 


for precision grinding on production work. 
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THERE’S A NORTON WHEEL... 


... just the right wheel for your 
work — whether it’s internal, cylindrical, centreless or surface grinding. Well- 
tried Norton G Bond wheels and segments continue to prove outstandingly suc- 
cessful, particularly where fast, free cutting is of prime importance; but what 
ever the precision grinding operation, Norton can provide the right wheel for the 
job—with off-the-shelf delivery for many standard wheels. Ask your Norton or 
Alfred Herbert Representative to help you choose the right specification — or 


write to us. 


%* NORTON GRINDING WHEEL CO. LTD. 
Welwyn Garden City, Herts. Tel. Welwyn Garden 3484 (15 lines) 

ABRASIVES Enquiries also to: 
ALFRED HERBERT LIMITED - COVENTRY - Telephone: Coventry 89221 


NORTON and BEHR-MANNING factories also in Argentina, Australia, Brazil, 
Canada, France, Germany, Italy, Northern Ireland, South Africa and U.S.A. 


* Trade Mark of Norton Grinding Wheel Co. Ltd. 








Tre ELECTRIC FORK LIFT 


with the edge on them all... 

















